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SUMMARY OF CONTENTS OF THE GOES-N STUDY REPORT 


The GOES-N study consisted of five distinct tasks including: 

• Determining replication costs of GOES I-M and GOES-7 in the GOES-N time frame, 

• Defining and evaluating modifications to GOES I-M to improve efficiency or reduce 
costs, 

• Defining evolutionary changes to the GOES I-M design to satisfy National Weather 
Service (NWS) 1983 and fiOAA 1989 requirements. 

/ 

The GOES-N Study Report refers to the results of the GOES I-M replication cost study. A 
report of this task was completed and transmitted to NOAA in September 1989. This report is 
currently being updated to reflect, the latestdevelopments in the GOES I-M program. The 
GOES -7 replication cost study report is being prepared as a separate document 

The categorization and disposition of NOAA requirements is reported in Volume 1 Section 4. 
Results of the GOES I-M efficiency/cost improvement modifications study are described in 
Section 7.1. The system concept Options I, II, and III that generally represent the results of the 
Task 2, 3 A, and 3B studies are summarized in Section 7.2. Another result of the GOES-N study 
- the determination of which NWS 1983 and NOAA 1989 requirements can be met with the three 
options is contain jd in Volume 1 Section 7. 

Conclusions ard Recommendations are covered in Volume 1 Section 8. Imager, sounder, control 
system. Space Environment Monitor, Search and Rescue, Weather Facsimile, Data Collection 
System, and Proaucts/Process/Communications recommendations have been extracted from 
Sections 9, 10, and 11. Section 8 also contains conclusions pertaining to programmatic 
operational satellite issues (prerequisite development strategies, the direct procurement of 
instruments by the government, proto flight missions, etc.). 

Sections 9. 10. and 11 address instrument, control system. Image/Navigation/Registration, and 
other system design considerations and surveys. These sections are supported by the appendices 
in Volume 2. 
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FOREWORD 


The Advanced Missions Analysis Office (AMAO) of the Goddard Space Flight Center (GSFC) 
has completed a study to evaluate the feasibility, risks, schedules, and associated costs of 
advanced space md ground system concepts to meet National Oceanic and Atmospheric 
Administration (NOAA) requirements for the next generation of Geostationary Operational 
Environmental Satellites (GOES) following the GOES I through M series currently under 
development but not yet launched. The study is the first step in a multi-phased procurement 
effort that is expected to result in launch ready hardware in the early 2000s time frame. 

The study was initiated in response to a request for a Phase-A feasibility study, in November 
1988 from Mr. Thomas Pyke, Assistant Administrator for Satellite and Information Services, 
NOAA, addressed to the NASA Associate Administrator for the Office of Space Science and 
Applications (OSSA), Dr. Lennard Fisk. 

Preliminary planning for the study at both GSFC and NOAA began in early 1989 with a NOAA 
sponsored GOES-N Requirements Working Group meeting. A formal GOES-N requirements 
document was issued by NOAA in May 1989. Funding to proceed with the study was received at 
GSFC in October 1939. 

This report represents the latest activity of GSFC in translating meteorological requirements of 
NOAA into viable space systems in geosynchronous earth orbits (GEO). GOES-N represents 
application of the latest spacecraft, sensor, and instrument technologies to enhance NOAA 
meteorological capabilities via remote and in- situ sensing from GEO. 

The GOES-N series shows promise of becoming another significant step in NOAA weather 
forecasting space systems, meeting increasingly complex emerging national needs for that agency's 
services. 
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1.0 INTRODUCTION 


This GOES-N study was conducted by the GSFC AMAO in dose cooperation with personnel of 
various GSFC organizations and directorates: the Resources Analysis Office (RAO); the Office of 
Right Assurance; the Meteorological Satdlitc (METSAT) Project; and the Mission Operations and 
Data Systems, Space Science, Earth Science, and Engineering directorates. The study was 
performed in dose cooperation with NESDIS and NWS personnel. 

NOAA and NESDIS established a GOES-N Requirements Working Group (GNRWG) in October 
1988 that subsequently resulted in a set of formally documented NOAA require meals and 
guidelines in May 1989. This document contained the 1983 National Weather Service (NWS) 
requirements that have been applied, in part to, the GOES I-M series plus new requirements 
generated by the working group focusing on expanded imager, sounder, SEM, Data Collection 
System (CCS), and Weather Facsimile (WEFAX) capabilities. The requirements were categorized 
as core, optional, and enhanced depending on their importance and stages of advancement. 

Correspondence between NOAA and NASA leading to funded authorization of the GOES-N 
study began in August 1988. Preliminary planning for the study commenced within AMAO in 
late 1988. AMAO received funds to proceed with the effort in OcOoer 1989. A final report, 
presented to NOAA on October 31 - November 1. 1990 folkr.ved a successful preliminary 
briefing to the GSFC Management Council on October 22, 1990. 

The objective of the study wx, and remains, to identify and evaluate preliminary concepts of 
advanced instruments, space infrastructures, and associated ground systems that meet NOAA 
‘evolutionary” requirements to satisfy that agency's operational needs in the post GOES I-M time 
frame (2000 - 2010). The concepts were assessed for feasibility, cost, risk, and schedules The 
purpose of the study was to provide NOAA with the technical information needed to secure 
approval for a "new start” and to permit initiation of dr'initiou Phase-B studies. 

With these guidelines as a basis, AMAO was initially requested to perform four specific tasks 
(Section 2): (1) determine the cost of replicating the GOES I-M series in the GOES-N time 
frame and (2) define and evaluate modifications to GOES I-M that would improve efficiency or 
reduce costs. The third and fourth tasks were to define and evaluate design changes to the GOES 
I-M system to satisfy PA) the NWS requirements stipulated in 1983 and pB) the May 1989 
NOAA requirements. During the course of the effort, another study was requested by NOAA in 
mid -1990: to determine the cost of rcplic’ing GOES-7 ir, the GOES-N time frame; fuiK* ; ag for 
this task was received in December 19w>. 

The analyses performed during the studies resulted in the conclusion that the spacecraft/instrument 
combinations referred to as options could satisfy most but not all the 1989 NOAA GOES-N 
requirements. The ones that could not be satisfied by any evolutionary concept are referred to as 
‘unmet" requirements. Option I essentially supported the "core" requirements, basically utilizing a 
modified GOES-l-M spacecraft with improved imager and sounder plus an improved and 
expanded capability SEM. Option II is a more advanced system which satisfies many of the 
NOAA "core and optional* requirements utilizing a bus different from the GOES I-M spacecraft, 
with an improved imager, an advanced sounder, and increased capability WEFAX, DCS, and 
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SEM sensors. Option ill addresses the more difficult to achieve enhancements to NOAA 
requirements. These have been determined to require a different bus, a new and, perhaps, an 
auxiliary imager, aid advanced sounder. Option III also includes a new SVM/HaJ, and a new 
total electron counter (TEC) as integral parts of the SEM. Details of the tnrec options are 
contained in Sections 7.2.1, 7.2.2, aid 7.2.3. The results of the study sue configured to provide 
NOAA with sufficient information to select for further study one of these or some hybrid option 
depending on feasibility, risk, schedule, and cost criteria. In addition, sufficient cost information 
on the three options is provided in Volume 3 to NOAA to initiate the 'new start’ process for the 
new system. 

Replication cost estimates for both GOES I-M and GOES-7 in the GOES-N time frame are 
contained in separate reports. The study also indicates a need for additional specific studies to be 
completed before Phase-B (definition) and Phase -C7D (fabrication, test, and launch) begin; these 
are summarized in Section 8. 

Tbe sections which follow explain or describe in detail the analysis of requirements, the 
characteristics and expected performance of the three options studied in terms of NOAA 
requirements satisfied, ’unmet* requirements, high risk technology dements, cost estimates, and 
recommendations. 

1.1 Role of GOES-N in NOAA Hanning 

The GOES-N mission will be designed to provide unique meas u rements to satisfy advanced 
NOAA requirements in the year 2000 time period and beyond. While GOES-N will continue io 
supply unique data sets (c.g., winds from cloud morions) to the global numerical models and to 
assist synoptic scale prediction, most of the new and/or enhanced requirements emanate from 
observational needs for mesoscale/severe storm events or global change studies. Specific 
requirements are presented in Section 4.0. 

In additioo to enhanced meteorological require, there are new needs for monitoring the space 
environment and the sun There is aisc .. --d for improved communications for meteorological 
data and for data measured in -situ frem remote c-iatfonns. Finally, there is a requirement for 
locating distress signal sources as early as possible which would require a position location 
capability in geosynchronous otbiL Further details of these requirements are contained in 
Section 11. 

The GOES-N mission will be a continuation of the successful GOES program which started in 
May 1974 with the launch of SMS-1, it would be the 15th member of the series. The GOES-N 
mission will also be able to take advantage of new technological developments that have occurred 
since the planning phase of GOES I-M (1980-1984). The GOES-N meteorological data would 
complement measurements from the low orbiting NOAA satellite series and the information from 
the rest of the NOAA system (c.g., WSR-88D radars, profilers, surface stations, radiosondes, 
etc.). Prior to the launch of GOES-N, the proposed NOAA/NWS modernization program should 
be completely implemented. 
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GOES-N data are expected to have a greatly expanded operational use dire to the Advanced 
Weather Information Processing System (AWIPS) installation expected to be installed at over 100 
forecast offices. AWIPS will facilitate the combination of GOES-N measurements with data bom 
other sources. GOES-N informa'ion is also expected to receive widespread use by the research 
community, which should lead to further operational improvements that can not be dc:crmiocd at 
this time. 
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ZO SCOPE OF STUDY 


The scope of the study was based on NOAA requirements stipulated in its Statement of 
Guidelines and Requirements: GOES-N Phase -A Study, dated May ?2, 1989. The scope of the 
study was initially defined as the accomplishment of (out tasks: 

1. Estimate the cost of replicating the GOES I-M series in the GOES-N time frame. 

(Volume III) 

Z Define modifications to the GOES I-M design that will result in either cost redu^tons or 
improve efficiency. Evaluate each proposed modification oo the basis of feasibility, risk, 
schedule impacts, and costs. 

3 A. Define changes to the GOES I-M design that will result in the system satisfying the NWS 

1983 requirements. Evaluate each proposed design change on the basis of feasibility, risk, 
schedule imparts and costs 

3B. Define changes to the GOES I-M design that will result in the system satisfying the 
NOAA 1989 requirements. Evaluate each proposed design change on the basis of 
feasibility, risk, schedule impacts, and costs 

Funding was received in December 1990 to conduct a study to determine the cost of replicating 
GOES-7 in the GOES-N time frame. (This study now complete is being reported in s separate 
document.) 

To accomplish these four assigned tasks, the scope of the study included analyzing NOAA 
requirements, categorizing them "core", ‘optional*, or ’enhanced’ depending on their importance 
in satisfying national weather forecasting needs 

The analyses of both NOAA requirements and the GOES I-M system, currently under 
development, resulted in scoping the effort to identify and indude approximately eighty 
specifically recommended studies, each related to one or mote requirements (or an efficiency 
improvement or cost saving). These studies were described in sufficient detail to permit 
manpower requirement estimates A weighted system of study assessment criteria that included 
cost, risks schedules ’value*, ’payoff*, "tall poles’, and study and sdence benefits was developed 
and applied to each study. The studies were arranged in priority order and agreed to by NOAA 
officials 

However, the total resources required to accomplish these studies exceeded what was available, 
and it was agreed by NOAA that the scope of the study would have to be reduced. In addition, 
the imagers, sounders, and control system were to be subjected to limited analyses with the other 
instruments - SEM, WEFAX, Search and Rescue (S&R), and DCS subjected to comprehensive 
’surveys". As a consequence of this change in scope over what was originally intended, and by 
direction of the GSFC Director, the entire effort was labeled the GOES-N Study. The revised 
scope of the study, as performed, included: 

• Instruments to meet NESDIS requirements 

• Spacecraft characteristics to meet operational and instrument accommodation requirements. 
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• Ground command and data handling characteristics to meet NESDIS and spacecraft 
requirements, and 

• Spacecraft and instrument interfaces with the ground data handling system. 

2.1 Meteorological Requirements Analysis 

NOAA GOES-N requirements were compared with current GOES I-M requirements. Next, 
GOES-N capability increases were identified and translated into corresponding instnunent/sensor 
requirements. The translation was further extended to include data product needs, recognizing the 
many diverse dements of the GOES user community. 

The links between derived instrument/sensor requirements, current instrument sensing capabilities, 
and projected (into the GOES-N time domain) instrument advances that may be available were 
analyzed. Determination of the feasibility, risks, and costs of meeting NOAA requirements using 
anticipated state of the art in instrument technology were made. Significant incompatibilities were 
identified and quantified. The ability to extend the performance of the existing GOES I-M 
sensors is included in this assessment 

The feasible instrument payload options selected individually and collectively entail certain 
interface requirements on the host spacecraft and on the total ground data handling system. The 
study includes the identification and a s se ssment of these interface requirements. 

2.2 Spacecraft System Analysts 

Basically, in accordance with NESDIS guidelines, a generic 3-axis stabilized bus evolving from 
the GOES I-M series was the initial focus of consideration for accommodating instruments and 
providing appropriate interfaces with the total ground system. (Note: later in the study NESDIS 
did request a study to determine replication costs of the GOES-7 spin stabilized system.) The 
scope of the study included: 

• Payload accommodations 

• Ground systems requirements 

• On-board data processing 

• Attitude control system requirements 

• Thermal control system 

• Other subsystem analyses as required 

From this, several basic concepts utilizing evolutionary or commercially available spacecraft were 
developed with feasibility, schedule, cost, and risk assessments stipulated. Overall design 
concepts, including instruments, were generated suitable for expendable launch vehicle (ELV) 
interface analyses. In addition, designs showing the proposed configuration deployed in orbit 
were developed. 
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2.3 Launch Vehicle Considerations 


With the space system concept developed. Rough Order of Magnitude (ROM) mass, center of 
gravity, configuration, and volume estimates we r : used to determine specific candidate ELVs 
currently available or under development that can meet launch requirements for the GOES-N 
scries circa 2000. 

2.4 Ground Segment Requirements Analysis 

In addition to impacts on instrument designs and the GOES-N spacecraft, GOES-N user 
requirements are expected to result in increased capabilities of various elements of the ground 
segment of the NESDIS GOES system. Included in this requirements analysis area are 
considerations of: 

• Ground system elements and communication networks within and external to NOAA 

• Data flows 

The resr'ts of this segment of the GOES-N study are contained in Section 11. 

2_5 Phase-B Preparations 

A major output of this study is information suitable for preparing a Phase-B study Statement of 
Work (SOW). 

2.6 Study Exclusions 

This study addressed feasibility, cost estimates, aud risk assessments to serve as a basis for a 
comprehensive Phase-B procurement Certain items, normally subjected to a preliminary system 
design or advanced mission analysis, were excluded or deferred. Generally excluded were 
preliminary systems designs of the instruments and spacecraft subsystems. Also excluded were 
"advanced missions" type analyses of the GOES ground segment (command, control, data 
collection and dissemination). Within the framework of these major categories of study 
exclusions, specific items excluded were: 

• Certain recommended studies delineated in Section 8 

• Integration and test (I&T) considerations 

• Pre and post launch operational scenarios 

• Safety considerations 

• Performance assurance provisions 

• Nca-"evolutionary" concepts 

• Sensor analyses other than imagers and sounders (the remaining instruments were 
subjected to "surveys"). 
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3.0 BACKGROUND 


Even as the GOES I-M series of meteorological satellites was in the process of development, 
NOAA had already begun its internal deliberations for a post GOES I-M geosynchronous earth 
orbiting follow-on called GOES-N. Reportedly, NOAA considerations for this advanced mission 
included the GOES I-M program status, expected advances in instrument and sensor capabilities, 
newly emerging NOAA science requirements, the projected NWS modernization program 
currently underway, and new spacecraft developments including the NASA geoplatfonn system. 

As a result of these and other related factors, initial correspondence betweer NOAA and NASA 
was exchanged beginning in 1988. 

In a letter dated August 23, 1988 to Dr. Leonard Fisk, Associate Administrator for OSSA, NASA 
Headquarters, Mr. Thomas Pyke, Assistant Administrator for Satellite and Information Services, 
NOAA, stated that it was time "for NOAA to begin exploring options for continuing geostationary 
meteorological services past GOES I-M." He also said that his Advanced Systems Planning 
Division would begin working with the NWS to produce a requirements document for 
geostationary services past tire GGES-M mission. 

In b is letter of response dated October 13, 1988, Dr. Fisk agreed that it was "time to start 
planning for the follow-on to GOES-M" to avoid a potential coverage deficit due to an unforseen 
event such as the launch failure that resulted in the . loss of GOES-G. 

In his second letter to Dr. Fisk, dated November 10, 1988, Mr. Pyke formally requested that the 
AMAO at GSFC "complete a Phase-A feasibility study with cost assessments* for a satellite 
system to follow GOES-M. 

In a letter dated December 6, 1988, Dr. John Townsend, Director, GSFC, was requested by 
Dr. Fisk to identity a study team within GSFC to conduct the desired study. He stated that he 
believed "the AMAO would be an appropriate organization to complete such a study". 

Later, in a letter dated December 23, 1988, Dr. Townsend responded to Dr. Fisk that GSFC would 
support the request and would conduct the required study within the AMAO with Richard Wirth 
as the Study Manager. 

In his letter to Mr. Pyke dated January 23, 1989, Dr. Fisk responded that GSFC would conduct 
the requested GOES-N study via the AMAO. Dr. Fisk also stated that NASA was "happy to see 
that provisions for Phase -A/B definition studies are being factored in at the beginning. This 
should go a long way toward avoiding the kind of cost growth problems we've had with the 
GOES I-M program." 

The foregoing record of correspondence constituted the formal authorization for AMAO to plan 
and conduct a GOES-N feasibility study with risk and cost assessments for a satellite system to 
provide post GOES-M services. 
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Letters dated October 14, 1988 to the user community from Mr. Stanley Schneider, Chief of 
Special Projects Divisions, NESDIS announced the establishment of a GOES-N Requirements 
Working group and invited participants to attend a meeting on January 10 and 11, 1989, to start 
the process of developing requirements. The meeting served as a basis for an initial partial list of 
user requirements that were selectively distributed for review on April 6. 1989, at the GOES I-M 
Conference. 

The NOAA Guidelines and Requirements for the GOES-N Phase-A Study was completed on 
May 22, 1989. The document was prepared by the NOAA/NESDIS Office of Systems 
Development Advanced Systems Planning Division. 

During the period December 1988 to mid-1989, planning for a Phase-A study was initiated 
within AMAO including study objectives, technical approach, schedules, and resource 
requirements. 

At a joint GSFC7NASA HQ/NESDIS meeting held on April 14, 1989, Mr. Wirth of GSFC 
presented the Center's baseline scope of a full Phase-A study together with estimated costs, civil 
service and ou-site contractor manpower, and instrumcnt/related off-site contract estimates. Total 
GOES-N Study Project cost estimates ranged from S3.0M to $43M. (GSFC RAO estimates 
ranged from $4.0M to J6.0M.) In response to this estimate, NESDIS stipulated a spending limit 
of approximately S1.56M for this study. 

NESDIS expressed a need for a feasibility study that would include cost estimate and risk 
assessments for various mission options. The main driver for this request was to enable NESDIS 
to provide upper levels of NOAA management with sufficient information to initiate the new start 
process. NESDIS emphasized that "design" was not a required end product of the proposed study 
but only to be performed as needed to determine costs, feasibility, and risks. Referred to was an 
"evolutionary spacecraft" and instruments that already have (or will have) a "flight heritage." 
NESDIS mentioned that another purpose of this study was to help determine Phase-B scope, 
requirements, etc 

As a result of this and a later (June 5, 1989) meeting, a revised GOES-N Phase-A Study Plan 
was prepared, responsive to the NESDIS request, with an attached cost estimate of S1-56M, 
consistent with NESDIS funding availability This plan was transmitted to NESDIS via a letter 
dated June 19, 1989 from GSFC (R. Wirth, Study Manager) to NESDIS (S. Schneider, Chief, 
Advanced Systems Planning Division). 

Internal to GSFC, there was concern that the limited resources would not permit the 
accomplishment of a complete Phase-A study. When this was repotted to the GSFC Management 
Council in July 1989, at a Director's Study Review, the Directo. ordered the study renamed the 
"GOES-N Study." Notice of this change was subsequently transmitted to NESDIS officials 
verbally and at the study team's weekly staff me .ings. 

In mid-1990, NESDIS requested that the study be modified to include replication costs of a 
GOES-7 in the GOES-N time frame. Funding in the amount of S105K was provided by 
NESDIS for this task (December 1990). 
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4.0 DEFINrflON OF REQUIREMENTS 


4. 1 Overview 

During the past decade, since the observation requirements for the GOES 1-M series were 
established in the early 1980’s, there has been: 

1) Increased understanding of mcsoscale/scverc storm processes. 

2) Improvements in numerical modeling from the mesoscale up through the global scale. 

3) A strong international focus on the importance of monitoring global change. 

4) The approval of a major improvement in the ground based measurement of 
numerous meteorological parameters and the interactive facilities to use these new 
data (the NWS modernization). In the future, these measurements will be 
combined with satellite data. 

5) A greater need for in- situ measurements from remote locations as part of the 
overall data base. 

6) Recognition of the need for more sophisticated space environment measurements. 

7) Higher speed transmission of meteorological data. 

8) The need for the rapid location of a satellite received distress signal. 

The list above indicates a need to develop new observational requirements for satellite sensors that 
would be available in the 2000 time period. In some instances, what the capability might be 
beyond 2000 (e.g., numerical modeling requirements) must be anticipated so that observational 
requirements will be properly established. The GOES-N requirements were developed from these 
considerations along with the expected role that GOES-N is expected to have in the overall 
observing system that would be in place after 2000 (e.g., the NWS modernization, polar orbiting 
satellites, etc.). 

Most of the GOES-N requirements were developed from the January 1989 GOES-N 
Requirements workshop. The workshop was attended by representatives from government 
(e.g., NOAA, NASA), industry, and the academic community. GOES-N requirements were 
generated for the different satellite sensors and/or functions that comprise the entire satellite 
system. In general, meteorological and space environment requirements were translated into 
satellite related performance units (e.g., spatial and temporal resolution, radiometric levels and 
sensitivities, etc.). Similarly, the communication and search and rescue functions were specified 
in terms of required performance (e.g., data rates, location accuracies etc.). 

Following the workshop, there were smaller group meetings to refine the requirements and 
provide NOAA/NESDIS with the comprehensive input needed to initiate the GOES-N study. By 
June 1989, the requirements were given to the AMAO. 

a set of global change study requirements has been extracted from NASA documents (e.g.. Earth 
Observing System (EOS) working group reports) associated with the planning oi the EOS 
mission. More details on these requirements will be presented at the end of this section. Because 
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global change is a relatively new program area, the global change requirements will probably be 
subject to relatively rapid evolution 2 s the program matures. The GOES-N mission could make a 
substantia] contribution to satisfying global change measurement requirements. 

4.2 Imaging and Sounding Requirements 

The NWS is a prime contributor to the requirements. The majority of its requirements concern 
meteorological measurements which are made by instruments that take images of the earth in 
various spectral bands and that obtain spectral data primarily in the visible and infrared which can 
be used to generate winds and profiles (mostly temperature and moisture). 

Following the January 1989 workshop, the NWS reviewed its imaging and sounding requirements 
and sent NESDIS a memorandum containing its needs. This memorandum was the basis of the 
imaging and sounding requirements used in the GOES-N study. 

The NWS imaging and sounding requirements were subdivided into three groups, core, options, 
and enhancements. The core requirements a r - the most essential. Many are a revalidation of 
those specified in the 1983 GOES I-M requirements and contain some which have been difficult 
to meet as the GOES I-M series has evolved. The optional requirements were those that the 
NWS wanted to explore seriously including areas which were desired on GOES I-M but were 
considered to be not feasible in that time frame. Other optional requirements have been added as 
the need for more sophisticated products grows as the 2000 time period is approached (e.g., the 
combination of satellite data with the measurements from the modernization of NWS during the 
1990s). The enhanced requirements are highly desirable; however, it is recognized that many of 
these could be expensive and/or have high technological risks. Therefore, they were given lower 
priority than the core and optional requirements by the GOES-N Study Team (GST). There were 
additional prioritizations provided within the optional and enhanced requirements categories. 


When the GST received the imager and sounder requirements from NOAA /the NWS 
memorandum) it summarized them into a compact tabular form. Tabl^^grf^^'cuirements 
summary for the imager that subdivides the requirements into the thre^H^^HI^i, 
types of requirements. The requirements near the top of Table 4.2.1 a^^SHment rela 
the ones near the bottom are affected by the performance of the complete system (i.c., irwra^— ... 
and spacecraft). This latter group is mostly connected with registration and navigation. Tables 
4.2.1 -a through e relate to the imager requirements of the May 1990 NOAA requirements 
document by number. These numbers were used to identify each requirement to studies that were 
identified during the study period. The NWS memorandum contains details of why NWS wants 
each capability; the highlights are: 


1) The core imager channels are the same as those on the GOES I-M imager. The four 
additional optional channels would primarily improve cloud height measurement 
(13.3 pm), be used to track areas of moisture in doud free areas (7.3 pm), detect douds 
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TABLE 4.2.1 GOES-N IMAGER REQUIREMENTS SUMMARY 

(continued) 
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against a snow backgrornd (1.6fir.t), and measure the areal extent of *egctiiion (0.9 pun). 
The enhancements wouin permit a more quantitative use of the visible channel and use the 
visible channel at nigh' (e.g, fog detection). 

2) The spaual resolutions of the core charnels arc the same as the GOES I-M imager. 

The options and enhancement improvements to *hrec of the five existing GOES I-M 
channels would yield major benefits for cloud n otion measurement for wilds, other cloud 
property measurements (e.g , type, amount, and height), and for the general interpretation 
of imagery especially small scale cloud features (e.g., thunderstorm outflow boundaries). 

3) The temporal resolution requirements are well within those of the GOES I-M imager. 

4) The core sensitivity and dynamic range needs are the same as GOES I-M. The optional 
radiometric sensitivities will primarily allow considerably more accurate determination of 
surface temperature (either terrestrial or clouds) and lower tropospheric water vapor. The 
enhancement option of a wider dynamic range will permit the sensing of surface 
tempera? ore in summertime desert areas and hot spots produced by fires. 

5) The next three areas are concerned with image quality (cloud smearing) and/or utilization 
of the data for muitispectral techniques (e.g., surface temperature measurement). The 
encircled energy requirement will require a detailed specification in later phases of the 
program. 

6) The core system requirements associated with earth location accuracy, image stability 
(called pixel to pixel registration in the NWS memorandum), and registrations are the 
same as the GOES I-M program. The spatial improvements are mostly connected with 
data matching with the NWS modernization measurements, the accuracy of doud motion- 
wind determinations, and the potential for very accurate doud height determination using 
stereographic techniques with simultaneously acquired images in the overlapping regions 
of two spacecraft. 

7) The 30 second timeliness requirement emanates from the high perishability of rapid scan 
imagery in severe storm situations. 

8) T e operational conflicts and improved performance requirements category contains needs 
for extending the number of hours of operational data, improving the quality around 
midnight (when the stress on instruments and spacecraft is maximum), and adding the 
capability to detect lightning. The enhancement requirement in this category recognizes 
the potential conflict when continuous operational rapid scan imagery over limited areas is 
required at the same time that there is a need for continuous full disk imaging to support 
international users and to obtain winds from doud motion over the full disk for global 
models. It is also recognized that a second imager could serve as a backup to the primary 
imager in the case of a malfunction of the primary imager. 

Table 4.2.2 is a summary of sounder requirements presented in a format similar to :he 
requirements in Table 4.2.1. Tables 4.2.2-a through c relate to the sounder requirements of the 
May 1990 NOAA requirements document by number and were used in the same manner as the 
imager numbers (Table 4.2-la-e). The highlights are (again, the details are in the NWS 
memorandum): 
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TABLE 4.2.2 GOES-N SOUNDER REQUIREMENTS SUMMARY 




TABLE 4.2.2 GOES-N SOUNDER REQUIREMENTS SUMMARY 

(continued) 
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1) The core channels arc the same as the GOES 1-M sounder. The optional channels will 
have to be of much higher spectral resolution in order to achieve the required accuracy 
shown in the options column for accuracy To achieve the higher spectral resolution will 
require an interferometer or spectrometer covering the spectral range from 4-15nm with a 
spectral resolving power of X/AX of > 1200:1. 

2) In general, the core and optional spatial and temporal resolutions are dose to those of the 
GOES I-M sounder. The enhanced spatial resolution (<4km) is to further reduce doud 
effects, and the enhanced increase in dwell time is to improve radiometric performance. 
Special products from sounding data are anticipated (e.g., doud top heights) where some 
compromise can be made in radiometric performance with a commensurate increase in 
coverage per unit time. The result is the optional requirement for sounding image 
products. 

3) The core accuracy requirement is the same as what is expected to be achieved with the 
GOES I-M sounder. By 2000, the combination of better model performance, expected 
better forecast accuracy, and the accuracy increases expected from other observing systems 
leads to the strong optional requirement for a higher level of performance which should be 
achievable with the remote sensing performance outlined under sounder item 1 above. 

4) A sounding is required for each 60 x 60km area using a maximum of nine dear pixds 
within that area ( the same as the GOES I-M requirement). The optional requirement for 
single pixel sounding recognizes: 

a) that the possibility of a single dear area within a 60 x 60km area is significantly 
greater than 9 dear pixds. 

b) the positive value of having 10km sounding resolution in dear areas to define 
strong thermal gradients in dynamic meteorological situations, and 

c) the reduction of noise created by different averaging situations eithcr/or in time 
and space. 

5) The core requirement of a visible spectral band at the same resolution as the sounding 
spectral bands is the same as the GOES I-M sounder, ne higher spatial resolution 
visible and infrared optional requirements are to improve day and nighttime doud 
detection respectively, which is one of the most serious negative influences on accurate 
sounding. 

6) The core requirements for encircled energy, spectra! response, crosstalk, and quantizing are 
either the same as GOES 1-M or have been added io improve the radiometric quality of 
the data. 

7 ) The core systems requirements for earth location, imag^. stability, channel to channel 
registration, and image to image registration are close to those for the GOES I-M sounder. 
They are needed for matching sounding data with measurements from other sources (e.g., 
profilers, surface and radiosonde stations), for calculating the motions of features seen in 
the sounder data, and for contributing to the strong requirement for obtaining radiometric 
data for sounding from the same atmospheric column and underlying surface, with 
consistent cloud effects or the iack of cloud effects on each measurement. The optional 
requirements for co-registration of the higher resolution visible and infrared data to the 
sounding channels »s also needed for precise cl ^ud ellcct estimation. The instantaneous 
field of view (FOV) matching to within ±2% is needed to ensure that the radiances 
required for sounding arc coming from the same atmospheric column aad underlying 
surface. 
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All imaging and sounding requirements ultimately arc connected to geophysical parameters that 
will be needed beyond 2000. Table 4.2.3 is a sample list of parameters which, in some eases, arc 
divided into subcategories. The parameters expected to be derived from measurement? from the 
imager are correlated with imager channels in Table 4.2.4, which shows all the proposed optional 
spectral bands as well as the five core spectral bands. It is obvious that most of the parameters 
will be derived from combinations of spectral bands rather than from just a single channel. Thus, 
the requirements for spectral band to spectral band registration affect the quality of the derivations 
for virtually all the parameters. The same is true for most of the other requirements, because they 
influence total imaging performance (e.g., encircled energy, image stability, etc.). 

The primary products from the sounder are temperature and moisture profiles, and the spectral 
bands are selected to best obtain the profiles. As with the imager, the other requirements (signal 
to noise, additional high resolution imaging arrays, etc) have been chosen to provide improved 
derivation of the profiles. There are, however, a number of other products that can be produced 
from sounder data such as surface temperature and cloud top heights. Past experience has also 
shown (e.g., VISSR Atmospheric Sounder (VAS)) that, with such a wide range of spectral 
information available from the sounder, many new products will be developed which cannot be 
specified now. 

As previously mentioned, many of the requirements are either new or improvements over what is 
expected on GOES I-M. In these instances, an attempt has been made to assess the value of each 
of these requirements. The "optional" sounder requirements were not converted by NWS or 
NOAA into instrument parameters; i.e., spectral channels, sensitivity, etc., (See Section 9.3.2). 

This will not only help appreciate the expected value of each requirement but also assist in 
making system trade-off decisions where the value has to consider technological complexity, risk, 
and cost. Details of this assessment in the area of image navigation and registration are presented 
separately in Appendix Al. 

Another consideration is where the parameters will be used in meteorological analyses. Table 
4.2.5 shows the expected use of each major parameter category as a function of major 
meteorological events and/or uses. There is a strong emphasis on mesoscale/regional scale events 
and contributions to numerical models. Tropical and extratropical cyclones are shown as separate 
events. Table 4.2.5 shows that each of the parameters will contribute to the analysis of most of 
the events with some (e.g., winds and the profiles) contributing to all of them. 

4.3 Space Environment Monitoring Requirements 

4.3.1 Summary of Requirements 

Requirements for the GOES-N SEM contained in the "Statement of Guidelines and Requirements. 
GOES-N Phase-A Study" are summarized in Table 4.3.1, reproduced from that document. The 
first four instruments listed Table 4.3.1 -a and 4.3 1 — b; i.e., the Energetic Particle Sensor (EPS), 
magnetometer, full-disk X-Ray Sensor (XRS), and the SXI are identified as the "Baseline” 
payload for GOES I-M and will be carried over into GOES-N, although with some enhancement 
of the range of particle energies covered by the EPS. It should also be noted that the SXI will 
not be flown until late in the GOES I-M series. The remainder of the requirements in Table 
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TABLL 4.2.3 SAMPLE OF ANTICIPATED GOES-N PRODUCTS * 


PRODUCT 

SUB CATEGORIES 

SYMBOL 

DESCRIPTION II 

CLOUD PRODUCTS (CP) 

CP-H 

CP-A 

CP-T 

CLOUD HEIGHT f 

CLOUD AMOUNT [ 

CLOUD TYPE | 

TEMPERATURE PRODUCTS 
(TP) 

TP-P 

TP-S 

TEMPERATURE PROFILES 1 

SURFACE TEMPERATURE 

MOISTURE PRODUCTS (MP) 

MP 

MOISTURE PROFILES 
(SOUNDER) 

TROPOSPHERIC MOISTURE 
ESTIMATES (IMAGER) 

WIND PRODUCTS (WP) 

WP-C 

WP-M 

WINDS FROM CLOUD MOTIONS 
WINDS FROM MOISTURE 
MOTIONS 

AEROSOL PROPERTIES 

i 

AP-V 

AP-D 

VISIBILITY RELATED (e.g., HAZE) S 
DUST STORMS | 

GENERAL IMAGERY INTERPRETATION (IP) 
LIGHTNING PRODUCTS (LP) 

VEGETATION PRODUCTS (VP) 

SNOW AND ICE PRODUCTS (SP) 

F TECIPITATION PRODUCTS (PP) 

I * THESE PRODUCTS MAY BE PRODUCED IN CONJUNCTION WITH FIADAR 
| MEASUREMEI ITS (RM), CONVENTIONAL MEASUREMENTS (CM), (e.g.. SURFACE 
| REPORTS. P \DIOSONDES), AND OTHER SATELLITE MEASUREMENTS (SM). 
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TABLE 4.2.4 

PROPOSED GOES-N IMAGING SPECTRAL BANDS 
VERSUS THEIR USE IN DERIVING EXPECTED PRODUCTS 


SPECTRAL BAND CENTRAL WAVELENGTH (fim) 


PARAMETER 

0.65 

09 1 

1.6 

09 

6.7 

721 

10.7 

12.0 

103 

1. Surface Temperature and 
Lower 
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■ 

■ 






Trofrosphertc Moisture 
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II 
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p 

P 


a. Day 

b. Night 
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1 :| 

D 
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s 
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2- Convection intensity 

P* 
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CL 


0. 

X Winds 










a. Good Motions* 










(1) Mesoscale 










(a) Day 

p* 
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(b) Night 




p° 
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P 

(2} Global 
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b. Moisture Motions 

s 
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s 



4. Cloud Properties 

■■ 

II 
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mm 



a. Type 

1 

HHH 

p 

p 

| 

s 

| | 

s 


b. Heignt 

II 

mm 

s 

p ■ 
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HS 


P 

c. Amount 

IB 



F° 

■1 


mm 



&. Mid Tropospheric Water Vapor 

s 




Ll 

p 




fi. Uppe ‘(ionospheric Water 

s 

■1 

II 


mm 

s 




Vapor 





mm 





7. Circulation Features and 






r 




Imagery Interpretation 

(e.g.. Jet Streams) 

p 



P“ 

p 

P 
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s 

8. Vegetation 

p 

B 








9. Snow and Ice 

p 
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s 




10. Soil Moisture 

s 




s 

s 

p 
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11. Rres 

s 

I 


P° 



p 



12. Precipitation 

w 

S 


P° 

s 


p 


p 

13. Relation Balance 

p 

s 

s 

s 

s 

s 

p 

p 

s 

14. Aerosols (including dust) 

p* 

s 


p° 

s 


p 




P = Primary Use S = Secondary Use 


* Stereo 

" Stereo at night with 2km resolution 
6 2km resclut'on at night 

0 Best cloud motion results will also use cloud parameter products 

* Low light level data at night 
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TABLE 4-2.5 

SIGNIFICANT ANTICIPATED GOES-N PRODUCTS ASSOCIATED 
WITH EACH MAJOR EVENT/USE 


(PROOl'CTS COOE IS THE SAME AS TABLE 4.2.3) 



r 



ANTICIPATED PRODUCTS 



I 

EVENTS/USES j 

-71 

TP 

MP 

WP 

AP 

L* 

LP 

VP 

SP 

pp 

B 

SEVERE LOCAL STORMS 

B 

X 


X 

X 

B 
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B 
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B 
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B 

B 
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B 

B 
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GOES-N+ 8EM REQUIREMENTS SUMMARY : 
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TABLE 4.3.1 -A 

GOES-N CANDIDATE INSTRUMENTS - SEM 


INSTRUMENT 

MEASURES 

FOV 

SPECTRAL 

RESOLUTION 

SPATIAL 

RESOLUTION 

Energetic 
Particle Sensor 

0.03 to 700MeV/n for p and « 
30keV to 4MeV for e 
Z>3 particle fluence 

— 

3 channels/ 
decade 

— 

Magnetometer 

Ambient vector field 

— 

1 

1 

— 

Full-Disk X-Ray 

0.5-4A. 1-aA solar brightness 

WD* 

0.5-4A band 

WD 

Solar X-Ray 

X-ray images 

£ 

1.5R, 

TBD 

5x5 arcsec 2 

Local Plasma 

Charged particle flux 


-15 channels 

TBD 

EUV 

Spectrometer 

Average 3JV brightness 

WD 

TBD 

WC 

Solar 

Magnetograph 

Solar vector magnetic field 

WD+ 

TBD 

2x2 arcsec 2 

H* Imager 

H« Images 

WD+ 

0.5A 

1x1 arcsec 2 * 

Radio Beacon j 

c 

N/A 

N/A 

N/A j 

N/A 


* WD = Whole Disk 

* FOV might be smaller than whole disk 
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TABLE 4.3.1 -B 

GOES-N CANDIDATE INSTRUMENTS - SEM 
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4.3.1, i.c., the EUV Spectrometer, the SVM/Hal and the Radio Beacon TEC, were classified as 
potential improvements to the SEM, with final selection and determination of funding to be 
deferred until after completion of the study. Following the format established in the "Guidelines" 
for the imager and the sounder as to core requirements, options, and enhancements, the S'udy 
Team identified the first four instruments as "core", and the remainder as "options". The 
performance characteristics are presented in Tables 4.3.1-a and 4J.l-b. 

4.3.2 Discussion 

4.3.1. 1 Requirements Met by GOES-I 

The requirements listed above for the magnetometer and the full disk XRS are unchanged from 
the specified performance for GOES-I. Because the existing instruments are expected to meet 
those requirements, no effort has been devoted to alternate instrumentation approaches. It has, of 
course, been necessary to consider system level impacts of these requirements, such as the level of 
magnetic interference imposed by the spacecraft for the magnetometer, and provision of 
appropriate FOV and pointing for the XRS. The magnetometer monitors the progress of 
geomagnetic activity from the vantage point of geosynchrono us orbit for correlation with ground 
magnetic activity and for input to operational field models which include the effects of 
magnetospheric current systems as well as the solid earth. It also provides the local magnetic 
coordinate frame -of-rcfercnce for energetic particle activity. The XRS provides the primary 
means of monitoring and classifying solar x-ray activity, and provides significant data to NOAA's 
long range solar-terrestrial forecasting capability, because it often provides the first detection of 
solar flare onset, even when ground based observatories are clouded over or at night Flare 
intensity and duration are related to coronal mass qections, and, thus, the real-time monitory by 
GOES is important to the prediction of possible solar particle and magnetic storm activity at earth. 

4.3. 1.2 Enhanced Requirements for Earth Environment Observations 

The EPS, Low energy Plasma Sensor (LPS) and Radio Beacon TEC jointly monitor several 
parameters of the particle environment as ordered by the earth magnetic field. The EPS 
requirements a^e similar to those for the GOES i-M program, but the range of observations has 
been considerably expanded. The lower end of the energy range for proton and alpha particle 
observations has been moved from 0.8MeV/nucleon to 30keV/nucleon. Similarly, the lower 
energy cutoff for electron observations has been moved from O.SMeV to 30keV. The heavy ion 
(Z>3) channel* are not monitored on GOES I-M. The EPS provides continuous da^ to monitor 
solar and geomagnetically trapped radiation important to ionospheric effects a** well as radiation 
hazards to operating spacecraft, astionauts, and high altitude aircraft. The extension of the range 
of electron energies will be particularly useful in understanding and monitoring the causes of 
"deep dielectric charging" and surface charging of spacecraft systems. 

The LPS is intended to monitor the low energy range of particles responsible for many of the 
instances of spacecraft electrostatic charging which have plagued geosynchronous and ncar- 
gcosynchronous orbiting satellites with operational anomalies and, in some instances, damage or 
outright failures. Its availability on multiple geosynchronous satellites will provide data important 
not only to the host spacecraft but to any geosynchronous spacecraft at nearby longitude stations. 
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Ultimately, NOAA hopes to use these data together with other operational data to be able to 
extrapolate knowledge of the particle radiation environment and magnetosphcric properties at any 
geosynchronous satellite location. 

The requirement for the Radio Beacon is also new with GOES-N, although it has for years been 
high on the list of priorities for enhancement of SEM observations on GOES because of its 
potential contribution to monitoring the state of the ionosphere and its effects on radio 
communication. The United States Air Force (USAF) has, however, implemented the capability 
to monitor this parameter with the Globa] Positional Satellite (GPS) system, largely supplying the 
data NOAA needs for ionospheric monitoring. As a result, the priority for this addition to the 
GOES-N capability is reduced. 

4.3. 1.3 Enhanced Requirements for Solar Observations. 

Addition of the SXI, the EUV, the SVM/Hal capabilities to GOES-N would result in a dramatic 
increase in the solar observation capabilities of GOES-N relative 10 current spacecraft. The SXI, 
SVM/Hal, through their ability not only to monitor more parameters of solar activity but to map 
the location on the sun as well, will improve significantly the accuracy with which NOAA 
forecasts the terrestrial effects of solar activity. The EUV spectrometer would provide an 
otherwise unavailable monitor of the electromagnetic radiation responsible for upper atmosphere 
heating important to prediction of the effects of atmospheric drag on spacecraft orbits and lifetime. 
These data are also important for monitoring atmospheric and ionospheric activity affecting radio 
propagation. Archival of the data from an expanded set of GOES observations would also 
provide a valuable coherent data base for study of long term solar variability. 

The SXI has been identified by NOAA as an operational (core) requirement, and will in fact be 
developed and flown on a later spacecraft in the GOES I-M series. The other instruments are 
identified as potential enhancements, pending identification of sponsoring agencies and funding 
availability. 

4.4 Data Collection Systems (DCS) Requirements (Table 4.4.1) 

The study requirements were to define options for locating sources of interfering signals in the 
DCS channel bandwidth and for increasing Data Collection Platform (DCP) data rates and channel 
capacities. 

4.5 WEFAX Requirements (Table 4.4.1) 

The study requirements were to determine the impacts on the spacecraft, e ground system and 
WEFAX receive stations of adding three channels in the WEFAX band to the existing analog 
channel. The new channels are a second analog WEFAX channel, a digital WEFAX channel 
operating at 19.2kbps, and a 50kbps data channel (termed the NOAA port). An additional 
requirement was to determine the impacts to the spacecraft of operation during eclipse periods. 
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SPACECRAFT ECLIPSE 








4.6 Search & R~.scuc (S&R) Requirements (Table 4.5.1) 

The study requirements were twofold. One was to determine the feasibility of earth locating 
406 MHz Emergency Locator Transmittcr/Emergency Position Indicating Radio Beacon 
(ELT/EPIRB) distress signals from geosynchronous orbit to an accuracy of 20 kilometers or 
determine what accuracies arc feasible. The second was to define the ground system requirements 
to receive and process distress beacons relayed through the spacecraft and to interface with U S 
Mission Control Center (M CC). 

4.7 Products, Process and Communications Requirements 
The requirements were to: 

• Study ground system operations including staffing and skill levels 

• Determine impacts on telemetry and command processing of the orbit and attitude control 
system 

• Determine the impact of new instruments ard improved image navigation/registration on 
instrument downlink data rates and processing 

• Assess the impact of new products and tneir timeliness on the GOES Variable data format 
(GVAR), processing requirements, and required user ground equipment 

• Determine the impact of new instruments receiving and processing equipment at the 
Satellite Operations Control Center (SOCQ 

• Estimate the impact of new instruments and additional WE FAX channels on Command 
and Data Acquisition (CDA) transmit and receive equipment and the telemetry and 
command system 

4.8 Global Change Measurement Requirements 

Meeting future global change '.equirements (cf.. Section 4) is likely to become an increasingly 
important need for all future satellite systems. No specific global change requirements were 
formally proposed in the GOES-N study. However, worldwide future geosynchronous satellite 
information could have a major role in satisfying global change requirements. In general, most 
diurnal measurements are best made by geosynchronous satellites, and the many positive 
characteristics of viewing the earth from this orbit could lead to the extremely accurate and timely 
derivation of many geophysical parameters. 

Previous quantitative global change requirements have been presented in NASA documents (e.g.. 
Proposed NASA Contribution to the Climate Program). A substantial effort to update the 
requirements has bc^n part of the EOS program. Table 2 in the EOS Observing System Science 
and Mission P equirements Working Group Report, Volume I, 1984 provided a detailed list of 
global change observational needs. The list was presented by parameter accuracy, spatial 
resolution, and observation frequency requirements. Often, requirement ranges were given, 
especially for accuracy which was divided into "desired" and "required" categories. 
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Tabic 4.6.1 is a subset of Table 2 in the EOS report for those parameters that can be . icasurcd 
from geosynchronous orbit. It contains more than half of the parameters listed in Table Z Tnblc 
4.6.1 shows the accuracy, spatial resolution and observation frequency requirements. In a few 
cases (e g, vegetation identification) the accuracy requirements have been changed into units that 
arc more familiar. 

The GOES-N program could meet all of these observational frequency requirements. It could 
make strong contributions to the measurements of wind, surface temperature, clouds, snow, 
radiation, temperature, and moisture profiles and lightning 
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TABLE 4.6.1 Global Change Observational Needs For Those Parameters That 
Future Geosynchronous Satellites Could Measure 
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APAR = Absorbed Photosynthetically Active Radiation 
= Probability of Correct Class 




































TABLE 4.6.1 Global Change Observational Needs For Those Parameters That 
Future Geosynchronous Satellites Could Measure (cont'd) 
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TABLE *.6.1 Global Cnange Observational Needs For Those Parameters That 
Future Geosynchronous Satellites Could Measure (cont'd) 
















5.0 DEFINITION OF TASKS 1. 2. 3A, AND 3B AND THE GOES-7 REPLICATION TASK 

Task 1 was assigned to determine the exist of replicating GOES I-M in the GOES-N time frame 
(circa 2000). This task is intended to cover the NOAA option of essentially extending the 
GOES I-M series should circumstances or budgetary constraints warrant such a occisim. The 
current GOES I-M system was thoroughly analyzed with assessments made relative to needed 
expenditure increases or decreases based on a large variety of cost-influencing parameters. A 
description of the analyses, assumptions, and the logic used to construct the recurring and non- 
recurring cost estimates is coniain.d in Volume III of this report. 

Task 2 was defined as a feasibility study of candidate modifications to the GOES I-M system that 
would result in efficiency improvements or cost reductions. The modifications were to be 
conceived, described, evaluated, and ranked in priority order based on a complex formula that 
included science and other benefits accruable from implementation of the proposed items. The 
associated studies conducted resulted in quantified assessments of the risk and cost of 
implementing the modifications together with schedule impacts, if any, and value of the changes 
relative to NOAA science requirements. The results of Task 2 are summarized in Sections 7.1 
and 8.0. Costs associated with Task 2 are contained in Volume III tmd-T the Option I beading. 

Task 3A comprises determining, describing, evaluating, and ranking a number of changes to the 
GOES I-M design that will result in satisfying the 1983 NWS requirements not included in 
GOES I-M design specifications. The "changes" were deemed applicable to instruments, 
spacecraft subs* ":_uis, and system dements including the ground system. Each candidate change 
was evaluated with regaid to risk, feasibility, cost, and schedule impacts in addition to benefits to 
NOAA mission objectives for GOES-N. Effects of each Jiang; ca each NWS 1983 requirement 
were carefully determined after detailed analyses were r-?r .oleted. The cost of each proposed 
design change is included in the cost matrices contained r. Volume III of this report. 

Task 3B is exactly the same as Task SA with the ex<xotion tf*:l the requirements criteria used 
were those stipulated in the 1989 NOAA requirements document, previously referenced. The 
procedures used for the analyses and assessments are the saute as these used for Task 2A. Cost 
results due to these design changes are reflected in Volume HI under the Options II and III 
headings. 

A study to estimate the costs of replicating GOES-7 in the GOES-N tin.; frame, funded in 
December 1990, has been comple'ed. Results of the study are contained in a separate document 
from the GOES-N Report. 
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6.0 STUDY APPROACH 


6.1 Task 1 Approach 

Task 1, the estimated cost of replicating GOES !-M in the GOES-N time frame, was a direct 
financial analysis performed by the AMAO and the RAO. Task 1 is a completely stand alone 
study, not related via options, to Tasks 2, 3 A, or 3B. Task 1 was reported separately in a 
memorandum dated October 18, 1989 from RAO/C L Fryer to Code 402/T. Karras, subject; 
GOES-N Task 1 Cost of GOES-I, J, K, L* M in the GOES— N time frame. This memorandum 
references and contains two prior memoranda, dated September 18 and 22, 1989, from 
RAO/C L Fryer to Code 402/T. Karras, same subject, and on update. 

6.1.1 Resources Analysis Office (RAO) Capabilities and Role in Task 1 

The goal of the RAO is to provide independent a ss e s sm ents for proposed new starts based on 
mission parameters and management plans. RAO provides resource estimating services to flight 
projects throughout the center. Parametric cost analysis is the method by which estimates are 
derived. RAO develops tools for its cost modeling capability and in addition, develops and 
maintains data bases of technical performance, ccst, and manpower utilization for all flight 
projects. This information is used in conjunction with estimating techniques to develop various 
models for use in resources estimating. 

6.1.2 Goal of Task 1 

The goal of Task 1, to estimate the cost of GOES I-M in the GOES-N time frame, was 
accomplished in two major steps. First, a modeled estimate for GOES I-M was developed in 
1989 dollars. Second, replication costs of GOES I-M were determined. GOES-N cost estimates 
were developed in both 1989 and projected real year dollars. 

6.1.3 Task 1 Costing Approach 
6. 1.2.1 Major Ground Rules 

Ma’.«r ground rules set by the project established the RAO approach for costing. Four of the 
^ound rules that were major cost determinants arc. 

• The GOES l-M contractor will build GOES-N 

• GOES-N is an exact replica of GOES I-M 

• GOES-1 spacecraft and instrument weights were used to cost GOES I-M and 
GOES-N 

• GOES-N (first spacecraft) build time frame is January 1995 - December 1998 (four 
years); launch ready January 1999 
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6 1.3.2 Developed Hypothesis for Modeling Costs 


In developing a modeled estimate for GOES I-M, RAO tested two hypotheses, Metsat Project and 
RAO, to determine the correct build scenario for GOES I-M. The two resulting estimates from 
the hypotheses were compared to estimated total cost derived from actual expenditures. The 
hypothesis which generated costs closest to the estimated total cost for GOES I-M was considered 
to be the correct build scenario and was used to model GOES I-M and subsequently GOES-N. 
The two build scenarios that RAO tested are in Table 6.1: 

TABLE 6.1 GOES I-M 


/SPACECRAFT 

^/SEQUENCE 

,%!?£<•' .1 V -I lAO’S^-'i; A 

HYPOTHESIS ' * 

£%$ * PROJECT O . o'-r 
HYPOTHESIS " 

FIRST 

NEW DESIGN 

NEW DESIGN 

SECOND 

MINOR MODIFICATION 

RECURRING UNIT 

THIRD 

MINOR MODIFICATION 

RECURRING UNIT 

FOURTH 

MINOR MODIFICATION 

RECURRING UNIT 

FIFTH 

MINOR MODIFICATION 

RECURRING UNIT 




IMAGER & SOUNDER . 


PROJECTS HYPOTHESIS 

FIRST 

NEW DESIGN 

NEW DESIGN 

SECOND 

RECURRING UNIT 

RECURRING UNIT 

THIRD 

MINOR MODIFICATION 

RECURRING UNIT 

FOURTH 

MINOR MODIFICATION 

RECURRING UNIT 

| FIFTH 

MINOR MODIFICATION 

RECURRING UNIT 


Major differences between the two hypotheses occurred in the second through fifth builds for both 
spacecraft and imager and sounder. RAO's hypothesis was derived from the time differential over 
which the spacecraft ana the instruments are being built. Technological advances over the build 
time frame and possible problems with unavailable parts will result in minor modifications to the 
first spacecraft design, as opposed to being exact icplicas or recurring units. Similarly, for the 
imager and sounder, it is RAO's belief that only the second set of instruments will '"cur recurring 
costs or be an exact replica of the first, while the remain mg instrument sets wi'.i experience minor 
modifications due to technological advances and unavailable parts. 

On the other hand, the Projects hypothesis assumes that the second througn fifth spacecraft and 
imager and sounder will be exact replicas of the first. 

With the correct build scenario for GOES 1-M, RAO was able to determine replication costs for 
GOES I-M and consequently a modeled estimate for GOES-N. 
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o.l. 3.3 Developed Estimated Total Cost for GOES I-M 

Estimates generated by the two hypotheses were compared to the estimated total cost derived from 
project actual expenditures in order to determine the correct build scenario. The estimated total 
cost was derived from three sources: LAS, the METSAT Project and RAO. LAS actual 
expenditures plus its estimates to complete was lower than the Metsat Project's POP (Program 
Operation Plan) total estimate to complete, so the difference between the two was added to LAS 
estimate to calculate the project estimated cost. Because these amounts represent costs prior to 
the July 1989 stop work order on GOES-K, L* M as a result of design problems with the 
instruments, RAO added an cdditional allowance to account for these problems. This estimated 
total cost was compared to the hypotheses in order to determine the coned build scenario for 
GOES I-M. 


6 13.4 Modeled Costs for GOES I-M and GOES-N 

With the correct build scenario, RAO was able to model costs for GOES I-M; replication costs 
for GOEs I-M; and subsequently costs for GOES-K. Contingency for medium risk was added to 
the estimate to account for unknown problems and model It. A build schedule was developed for 
GOES-N and costs were spread in real year doliars. 

6. 13.5 Past GOES Cost and Weight History 

To verify cost validity, RAO reviewed the cost and weight history of past GOES programs and 
developed a dollar per pound cost comparison. 

6.1.4 Task 1 Results 

6.1.4.1 Selected Most Realistic Hypothesis 

A comparison o' modeled costs based on the two hypotheses. Project and RAO, to the estimated 
total cost based on actual expenditures for GOES I-M indicates that the RAO -h ypotfc csized build 
scenario is the more realistic. Modeled costs based on the Project hypothesis underestimate actual 
expenditure by approximately twenty percent, whereas modeled costs based on the RAO 
hypothesis overestimate actuals by approximately five percent. 

6. 1.4.2 Estimated replication costs 

Having modeled costs for GOES i-M, replication costs for GOES 1-M in the late 1990s were 
casil> determined. Stated ground rules which resulted in a cost savings for GOES-N were: 

• The same contractor builds GOES-N as is currently building GOES I-M 

• GOES-N is an exact replica of GOES I-M 

• GOES-I spacecraft and instrument weights ait us^d to model costs fc GOES-N 

Modeled costs for GOES-N with five (5) spacecraft predict a cost savings when compared to 
GOES I-M. This savings is due to he fact that there are no new design costs for the first 
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spacecraft and set of instruments. There are no new design costs because of the stated ground 
rule that GOES-N is to be an exact replica of GOES I-M. However, RAO did factor in 
substantial design modification costs for the first spacecraft instruments due to the fact that 
GOES-N will be a new contract and is scheduled to start ten (10) years after GOES-I started. It 
is highly unlikely that GOES-N will not benefit from the technology advances that will have 
occurred over the 10 year interval. Had GOES-N been part of the same contract as GOES i-M 
and had it been built concurrently, then the savings would probably have been greater. 

6.1.43 Comparison of Past GOES Projects to GOES I-M and GOES-N 

A comparison of the dollar per pound ratios of GOES-I through M and GOES-N with the same 
ratios for GOES-2 and 3, GOES-4, 5, and 6 as well as GOES-G and 7 (GOES-G never 
achieved orbit due to a launch vehicle failure and did not receive a numerical designation) shows 
dose correlation, an indicator of the validity of the GOES-N modeled cost estimates. 

6.2 Translation of Tasks 2, 3A, and 3B to Options I, II, and III 

NOAA requirements for GOES-N were analyzed, as described in Section 4.0 above, with each 
requirement categorized as "Core", "Optional*, or "Enhanced.* (Figure 6.1) 

6.2.1 Recommended Studies 

For each requirement, one or more specific studies were recommended as being necessary. These 
are listed in alphabetical order in Table 6.1 and defined in detail in Appendix 6A. Some of the 
studies were applicable, or responsive to, more than one requirement. The resources required to 
do each study were translated into civil service (or contractor)staff mo~'hs. Table 6.2 shows the 
staff months required for each of the studies described in Appendix 6A 

6 2.2 Studies ranked in priority order, based on "values" 

After each study was conceived, labeled, and described, it was subjected to an analysis procedure 
that involved: (Figure 6.2) 

1. Designating each ^.udy as an "improvement modification" (Task 2) or a "design change" 
applicable to Task 3A or Task 3B (Figure 6.1) 

2. Determining for each study the risk associated with implementing the proposed 
modification or design change, and a qualitative estimate of the schedule required to effect 
the modification or change. Each of these parameters was given a value ranging from 10 
to 1 or 1 to 10 as applicable for comparison purposes. In addition, at the same time, the 
"value" (1-10) of each item relative to the affected NOAA requirements was stipulated. 

3. Next a "tall pole" assessment was made based on risks, estimated costs, and schedule 
impacts. 

4. A "payoff" value of each study war calculated as a function of the “value" of each change 
to satisfying a NOAA requirement and its associated "tall pole". 

5. A "study benefit" was then calculated by comparing the "payoff value" with the assessed 
effect of the change on each NOAA requirement. 
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A parallel "scientific benefit' was also derived ty comparing "tall poles" with the assessed 
value of each NOAA requirement. 

7. The "study” and "scientific" berefit values were combined to establish a priority ranking 
for each of the approximately SO studies. 

The priority rankings compared with total resources constraints were used as a basis for selecting 
the studies which would be accomplished (Table 6.3) within the scope of the GOES-N Study. 

The list was presented to NOAA officials and adjusted to satisfy NOAA requests. Resource 
limitations forced a corresponding shift of studies to or from the "done" category (Table 6.2). 

The unfunded studies are listed in Table 6.4. (The funded and unfunded studies are also shown in 
priority or«ier in Tables 63 and 6.4.) 

After the 1st of recommended studies was finalized and agreed to by NOAA the accomplishment 
of the studies was indicated via analysis (for spacecraft, imagers, and sounders) and surveys (for 
DCS, WEFAX, S&R, and ground systems). It soon became apparent that the bulk of Tasks 2, 

3 A, and 3B could be satisfied by three space system configurations defined in Section 7 and that 
the proposed modifications and/or design changes could be simultaneously linked with basic 
NOAA requirements tad one of the three specific combinations (options) of spacecraft, 
instruments, and launch vehicles. The three spacecraft systems were labeled Option I, Option II, 
and Option III, respectively. Figure 63 shows the relationship of the NOAA -assigned Tasks 2, 
3A, and 3Et with the GOES-N study generated Options I, II, and III. 

Table 6.5 is a matrix showing the spacecraft, sensors, and launch vehicles as functions of the 
three options. The "baseline" system refers to the GOES I-M bus and payload with minor 
additions ox improvement modifications included. All options satisfy more requirements than 
expected from GOES I-M. 

The study was subsequently conducted and completed on the basis of Options I, II, and III. The 
configuration selected for Phase-B is expected to be a NOAA selected hybrid of these options. 

Each of the three options was subjected to a formal cost estimate analysis with the results shown 
in Volume III. The cost estimating procedure used for each option closely paralleled that used for 
the accomplishment of Task I (Section 6.1). The approach for the study included separate efforts 

to: 

• Derive recommendations for future studies (Section 8). 

• Determine additional studies deemed needed as the study progressed from its inception. 

• Prepare for supporting follow-on phases of the GOES-N program (e.g., Phase-B). 

• Prepare recommendations for research where study results show they arc needed. 
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Figure 6.1 

NOAA REQUIREMENTS/STUDIES 
RELATIONSHIP 



56 


SYSTEM EFFI 













TABLE 6.2 UST OF GOES-N STUDIES* 


t 

# 

STUDY 

description 

(SM) 

FUNDING 

STATUS 

60 

1 

SCI 

magnetometer 

3j0 

If 

15 

2 

SC* 

IMPROVE EARTH SEN 

4j0 

r 

49 

3 

so 

SIM STA/HSE KEEP 

3.6 

u 

42 

4 

SC4 

7 YR LFJNC FOR NO N-S STA KP 

3D 

F 

71 

5 

SC5 

EUM 3 DEAD SCANS 

3D 

U 

40 

6 

SCS 

CHANGE MOM WHLS (DRP LMD) 

ID 

F 

50 

7 

SC7 

GRND TRANSMITTERS 

4D 

U 

65 

8 

SC8 

STORE SPINNING 

40 

U 

66 

9 

SC9 

ADO COMPUTER 

4D 

u 

2 

10 

SC10 

USE INERTIAL REF UNIT 

4D 

F 

48 

11 

SOI 

S/C FLIP 180 de* 

3D 

U 

9 

12 

SC12 

MOM WHEEL (MW) TACrlOMETER 

4D 

F 

69 

!3 

SD1 

SOFT WHL MOUNTS 

4D 

U 

41 

14 

SD2 

MOM WHEEL (MW ; DYN BALANCE 

ID 

F 

17 

%' 

SSI 

INCHWORM CO REGIS 

2D 

F 

10 

16 

SS2.1 

CENTER IROET 

2D 

F 

■<5 

17 

SS22 

I-K SNDR CH-CH REGIS 

ID 

U 

35 

18 

SS3.1 

DAY/NTTE NAV 

03 

F 

11 

19 

SS3.2 

OPS ECLIPSE 

01 

F 

5 

20 

SS4.1 

SENSOR POINTING 

2D 

F 

59 

21 

SS42 

VARIABLE E-W SAMPLE 

LO 

U 

8 

22 

SS43 

COLLOCATE MOTOR/ENOODER 

Z 0 

F 

18 

23 

SS4 4 

IMC/MMC BASED OS DRU 

3D 

F 

1? 

24 

SS4.5 

SERVCV2km at u dn 

2D 

F 

67 

25 

SS5.1 

STIFFEN STRUCTURE 

ID 

U 

79 

26 

SS52 

STRUCTURAL APPROACHES 

4.0 

U 

78 

27 

SS53 

SYS FHGiNEER REGISTRATION 

2D 

u 

16 

28 

SS6 

ADD VIS ARRAY TO SNDR 

1 £ 

F 

64 

29 

SS7.1 

IMAGE PLANE IMC 

2.0 

U 

3 ; 

30 

SS7.2 

DfGITAL PROCESSOR 

20 

F 

25 

31 

SS7J 

SNDR NAVIGATION/SERVO 

20 

F 

66 

32 

SS8 

RAM SELF TEST 

LO 

U 

47 

33 

SS9 

AUTO-OOLXJMATION AUGN 

20 

u 

7 

34 

SS10 

LOW EXPANSION MAT 

20 

F 

20 

35 

ssm 

FLEX PIVOTS 

LO 

F 

57 

36 

SSI 12 

SERVO CITIES 

20 

u 

6 

37 

SSI 1.3 

SERVO^km at 45 DEGREE 

3.0 

F 

62 

38 

SS12 

OFF-AXIS OPTICS DESIGN 

3.0 

U 

4 

39 

SS13 

ENCIRCLED ENERGY 

20 

F 

51 

40 

SSM 

FASTER IMAGER 

40 

U 

54 

41 

SS15 

SPINNING IMAGER 

40 

U 

24 

42 

SS16 

ADD'L IMAGER 

1.8 

F 

21 

43 

ss;..i 

NEW SOUNDER 

4.0 

F 

44 

44 

SSI 7.2 

SENsrm rnr new sndr 

4.0 

F 


U: unfunded study 
F. funded studv 
See Appeadut 6A 
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TABLE 6.2 UST OF GOES-N STUDIES (continued) 


1 

§ 

STUDY 

DESCRIPTION 

(SM) 


76 

45 

SS18 

19 TO 14 SND CHANNELS 

0.5 

V 

75 

46 

SS19 

1M STAB 42ju 

1.5 

V 

27 

47 

SS20 

CH-CH RBG Mpx 

ID 

F 

74 

48 

SS21 

IM-IM RBG 42|ir 

3D 

U 

73 

49 

SS22 

1M SENSTVTY IK NEDT 

2D 

U 

72 

50 

aS23 

!-K SNDR SEKSrnVTTY 

4D 

U 

23 

51 

SS24 

tM SENSmV IK MEET 

3D 

F 

70 

52 

SS25 

IM SENSmv 350K MAX 

08 

U 

26 

S3 

SS26 

CUOUD SMEAR (D2 # FINAL) 

Z3 

F 

14 

S4 

SS27 

LARGER SUNSHADE (MtDNTTE) 

U 

F 

36 

55 

SS28 

VIS CALIBRATION 

U 

F 

30 

56 

SS25 

NZTE VISIBLE 

05 

F 

38 

57 

SS30 

LIGHTNING MAPPER 

03 

F 

56 

58 

SS31 

LARGER COOLER (SOUNDER) 

L8 

U 

2** 

59 

SS33 

SNDR OONTeMP IR FOR NTTE 

ID 

F 

34 

60 

SS34 

SINGLE PIXEL SOUNDING 

ID 

F 

63 

61 

SS35 

4KM SOUNDING 

3D 

U 

52 

62 

SS36 

HIGHSPEED SOUNDING 

ID 

U 

12 

63 

SS37 

SNDR CRQSSTLK <25* NEDT 

05 

F 

39 

64 

SS3S 

IM-IM REG 14*u 

40 

F 

53 

fi 

SS39 

AMBIENT IR TESTING 

ID 

U 

61 

56 

SS40 

HIGH RESOLUTION IMAGING 

2D 

U 

19 

t7 

SS41 

LARGER COOLER IMAGER 

2-5 

F 

58 

68 

SS42 

IMPROVED INST REDUN 

LO 

U 

77 

69 

SS43 

PtX/PtX REGIS (ImxGvt) 

OO 

U 

55 

70 

SS44 

WIDE FIELD TST COLLIMATOR 

3D 

u 

33 

7J 

SS45 

SNDR 'TSAR REGISTRATION 

4D 

F 

32 

72 

SN1 

IMGR GRND NAV/RBG RESMPLR 

4D 

F 

46 

73 

sn 

LMGR/ERTH .SEN SM BSPLT 

LO 

U 

37 

74 

SDCPS 

DATA COLLECTION PIAT SYS 

4.0 

F 

28 

75 

SWEFAX 

WEATHER FACSIM BROADCAST 

ZO 

F 

3 

76 

SSEM 

SOLAR ENVIRON MONITORING 

4 ° 

F 

43 

T 7 

SPP&C 

PRODUCTS PROCESS AND COMM 

4D 

F 

1 

78 

S/C- OP 

STUDY S/C OPTIONS 

1Z0 

F 

22 

79 

SfAR 

SEARCH AND RESCUE 

ZO 

F 

80 

80 

SGI 

GOES N IMPACTS (WORK STATION) 

50 

U 

81 

81 

SG2 

GOES N IMPACTS ON PREDICTION 

100 

U 


U: unfunded study 
F: funaedsudy 
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TABLE 6.3 FUNDED STUDIES IN PRIORITY ORDER 


# 

# 

STUDY 

DESCRIPTION 

(SM) 

1 

78 

S/C-OP 

STUDY SC OPTIONS 

no 

2 

10 

SC10 

USE INERTIAL REF UNIT 

4.0 

3 

76 

SSEM 

SOLAR ENVIRON MONITORING 

4.0 

4 

39 

SS13 

ENCIRCLED ENERGY 

20 

5 

20 

SS4.1 

SENSOR POINTING 

20 

6 

37 

SSIL3 

SERVO/2km at 45 DEGREE 

3.0 

7 

34 

SS10 

LOW EXPANSION MAT 

20 

8 

22 

SS4J 

COLLOCATE MOTOR/ENCODER 

20 

9 

12 

SC12 

MOM WHEEL (MW) TACHOMETER 

4.0 

10 

16 

SS2.1 

CENTER IRDET 

2D 

11 

19 

SS3.2 

OPS ECLIPSE 

0.1 

12 

63 

SS37 

SNDR CROSSTLK <-25 4 NEDT 

0_5 

13 

24 

SS4.5 

SERVO/2km at nadir 

2D 

14 

54 

SS27 

LARGER SUNSHADE (MEDNaTE) 

IS 

15 

2 

SC2 

IMPROVE EARTH SEN 

4D 

16 

28 

SS6 

ADD VIS ARRAY TO SNDR 

IS 

17 

15 

SSI 

INCHWORM CO-REGIS 

2D 

18 

23 

SS4.4 

IMC7MMC BASED ON ERU 

3D 

19 

67 

SS41 

LARGER COOLER IMAGER 

25 

20 

35 

SS11.1 

FLEX PIVOTS 

ID 

21 

43 

SSI7.1 

NEW SOUNDER 

4.0 

22 

79 

SSAR 

SEARCH / NO RESCUE 

20 

23 

51 

SS24 

IM SENSTTTV .IK NEDT 

3.0 

24 

42 

SS16 

ADDX IMAGER 

ID 

25 

31 

SS7J 

SNDR NAVTSaTION/SERVO 

20 

26 

53 

SS26 

CLOUD SMEAR (D2* FINAL) 

23 

27 

47 

SS20 

CH-m REG I4(jlt 

ID 

2S 

75 

SWEFAX 

WEATHER FACSIM BROADCAST 

20 

29 

59 

SS33 

SNDR CONTEMP IR FOR NTTE 

ID 

30 

56 

SS29 

NITE VISIBLE 

0.5 

31 

30 

SS7.2 

DIGITAL PROCESSOR 

20 

32 

72 

SNl 

IMGR GE.VD NAV/REG RESMPLR 

4D 

33 

71 

SS45 

SNDR VI SCK REGISTRATION 

4.0 

34 

60 

SS34 

SINGLE PIXEL SOUNDING 

10 

35 

18 

SS3.1 

DAY/NITE NAV 

0.3 

36 

55 

SS2S 

VIS CALIBRATION 

1.3 

37 

74 

SDCPS 

DATA COLLECTION PLAT SYS 

4.U 

38 

57 

SS30 

LIGHTNING MAPPER 

0.3 

39 

64 

SS38 

IM-IM REG I4jir 

4.0 

40 

6 

SC6 

CHANGE MOM WHLS (LRP LMD) 

1.0 

41 

14 

SD2 

MOM WHEEL (MW) DYN BALANCE 

1.0 

42 

4 

SC4 

7 YR LF.JNC FOR NO N-S STA KP 

3.0 

43 

77 

SPPAC 

PRODUCTS PROCESS AND COMM 

40 

44 

44 

SS17.2 

SENSITT fTY NEW SNDR 

40 
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TABLE 6.4 UNFUNDED STUDIES IN PRIORITY ORDER 


« 

# 

STUDY 

DESCRIPTION 

(SM) 

45 

1/ 

SS22 

I-K SNDR CH-CH RBGIS 

1.0 

46 

73 

ST1 

IMGR/ERTH SEN SM BSPLT 

1.0 

47 

33 

SJ9 

AUTO -COLLI MATION ALIGN 

20 

48 

11 

SCI 1 

S7C FLIP 180 deg 

3.6 

49 

-i 

SC3 

SIM STA/HSE KEEP 

3.6 

50 

7 

re? 

GRND TRANSMITTERS 

4.0 

51 

40 

SS1< 

FASTER IMAGER 

4.0 

52 

62 

SS36 

HIGH SPEED SOUNDING 

1.0 

53 

65 

SS39 

AMBIENT IR TESTING 

1-0 

54 

41 

SS15 

SPINNING IMAGER 

4.0 

55 

70 

SS44 

WIDE FIELD TST COLLIMATOR 

3.0 

56 

58 

SS31 

LARGER COOLER (SOUNDER) 

1-8 

57 

36 

SS11.2 

SERVO CURES 

20 

58 

68 

SS42 

IMPROVED INST REDUN 

1.0 

59 

21 

SS4J2 

VARIABLE E-W SAMPLE 

1 JO 

60 

1 

SCI 

MAGNETOMETER 

33) 

61 

66 

SS40 

HIGH RESOLUTION IMAGING 

20 

62 

38 

SSI 2 

OFF-AXIS OPTICS DESIGN 

3.0 

63 

61 

SS35 

4 KM SOUNDING 

3.0 

64 

29 

SS7.1 

IMAGE PLANE IMC 

20 

65 

8 

SC8 

STORE SPINNING 

4.0 

66 

32 

SS8 

RAM SELF TEST 

1.0 

67 

25 

SS5.1 

STIFFEN STRUCTURE 

1.5 

68 

9 

SC9 

ADD COMPUTER 

4.0 

69 

13 

SOI 

SOFT WHL MOUNTS 

4.0 

70 

52 

SS25 

IM SENSmv 350K MAX 

as 

71 

5 

SC5 

ELLM 3 DEAD SCANS 

3.0 

72 

50 

SS23 

I-K SNDR SENSmvnr 

4.0 

73 

49 

SS22 

IM SENSTVTY IK NEDT 

20 

74 

48 

SS21 

IM-IM REG 42*u 

3.0 

75 

46 

SS19 

IM STAB 42+u 

1.5 

16 

45 

SS18 

19 TO 14 SND CHANNELS 

0_5 

77 

69 

SS43 

KY/PDC REGIS (luLr/3(ix) 

0.0 

78 

27 

SS5J 

SYS ENGINEER REGISTRATION 

20 

79 

26 

S&5.2 

STRUCTURAL APPROACHES 

4.0 

80 

80 

SGI 

GOES N IMPACTS (WORK STATION) 

5.0 

81 

81 

SG2 

GOES N IMPACTS ON PREDICTION 

10.0 
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Figure 6.2 

STUDY SELECTION CRITERIA 
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Figure 6.3 

OPTION/TASK RELATIONSHIP 
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7.0 SUMMARY OF OPTIONS I, II, AND III AND STUDY RESULTS 


This Section contains results of candidate improvement studies to satisfy Task 2 requirements; 
descriptions of Options I. II and III; and a listing of ’Unmet* NOAA requirements. (NOTE: 
Option I was derived from Task z a: shown in Figure 6.3.) E^h option is further discussed in 
terms of payload concept summary, spacecraft configuration and heritage, ground system and 
spacecraft communications, risk identification, schedule assessments, and launch vehicle. Cost 
estimates for these options are contained in Volume 3 of this report Results of the Task 1 study, 
to determine replication costs of COES I-M in the GOES-N time frame, have already been 
reported to NOAA and are not repeated in Volume 3 of this report Results of the 1990-1991 
study to determine replication costs of GOES- 7 in the GOES-N time frame will be issued under 
separate cove*-. 


7.1 Task 2 Improvement Studies 

The specific Task 2 related recommendations, based on studies conducted, are: 

• Speed up sounder alignment (7.1.1) 

• Remote alignment adjust mechanisms (7.1.2) 

• Flex pivot for imager east-west scanner (7.13) 

• Relocation of the cact-west shaft encoder (7.1.4) 

• Positive temperature control of the aft optics (7.1.5) 

• Imager improvements (7.1.6) 

• Noise Equivalent Delta Temperature (NEAT) improvements (7.1.7) 

• Optics and focal plane arrays (7.1.8) 

• Sounder improvements (7.1.9) 

When the study team defined the three options presented in this report as strawman spacecraft 
systems, the concept underlying the Option I spacecraft was that of a minimal cost program based 
almost exclusively on the GOES I-M heritage. This implies that GOES-N would be virtually 
identical to GOES-M in all respects, with changes only where cost and efficiency improvements 
could be made, the assumption is, therefore, that GOES-M instruments will meet the core 
requirements, which in most cases are those currently specified for GOES-I. There have been, 
however, some problems with the GOES-I development, the de facto heritage for this study, 
which Jed to broadening the Option I concept to allow instrument changes where the fundamental 
design approach is not changed and where the change 1 ; do net alter the spacecraft interface, i.e., 
power, weight, volume, footprint, telemetry, etc.. The changes to be incorporated were subjects of 
many of the study tasks, and so could not be specified until the completion of those studies. 
However, as reported in this and other sections of this report, they included such things as 
relocation of the east-west shaft encodti to the motcr side of the shaft, a two-point mirror mount, 
the use of optical encoders in lieu of inductosyns, the use of different structural materials, and 
changes which could offer improvement of the signai-to-noise ratio of the instruments. Option I 
system and payload study recommendations are further defined in Section 8. 


65 



7.1.1 Speed-up Sounder Alignment (Option 1) 


One modification to the GOES-N Option I system to reduce cost would be to reduce the time to 
manufacture a filler wheel sounder. A significant amount of time is spent in alig .u and 
adjusting the optical configuration of the infrared system in the sounder. Figure 7. l.i-1 shows 
the sounder optical system layout The present alignment approach for the Infrared (IK), after the 
field stop plate, relay optics, and detectors are mounted oa u * cooler patch, requires adjusting the 
physical positions of the twelve IR detectors so that a signal Can be detected. A collimated IR 
image of a slit, or knife edge, is scanned through the FOV and ' ie relative locations of the twelve 
field stops determined by observing the detector outputs as the f.dd stop images are relayed onto 
the detectors. Adjustment of the fold mirrors and beamsplitter angles and locations, and moving 
the Trree focu-ing lenses, are used to bring tf : four sounding *beams* in each of three spectral 
regions into co-registration. Finally, the signals from the detectors are maximized by positioning 
the detectors so as to intercept the maximum amount of the vignetted beam, completing the IR 
alignment procedure. This is a slow process often requiring many iterations if the specified co- 
registration of the bands is to be achieved. A preliminary concept has been developed as part of 
the GOES-N Task 2 studies that may significantly reduce s^me of this alignment effort 

The concept is to align the optics in the sounder to set the magnification, focus and co-register 
the four sounding beams in each of the three IR bands, before "peaking" of the IR detectors, by 
using the collimator and an imaging IR detection system to Took” at the field stop plates. Since 
the field stop plate of the sounder, (Figure 7.1.1 -1) is almost in focus for objects at infinity, 
photons emitted or reflected from the fi ;ld stop plate will exit from the sounder in nearly parallel 
rays. The collimator will bring these rays to a focus and generate an unage of the field stop plate 
(Figure 7.1. 1-2). One of the field stop piates can be observed and its size and location measured 
by viewing this image with an infrared detection system through a narrow spectral filter, 
corresponding to one of the filters in one of the three spectral regions. By changing the spectral 
filters the other two field stop plates can be observed. Thus, the information needed to adjust and 
validate the focus, magniflcatic i, and co-registration of the bands can be acquired During this 
process the filter wheel should be stopped with or.e of the larger spectra] bandwidth filters in the 
path. 

The field stop plate is too cold to allow easy observation using emitted photons. The system 
would be configured using an illuminator and beam splitting system in the back oi the collimator 
to provide the reflected photons that will be observed (2A on Figure 7.1. 1-2). It nui, be desirable 
to have a spectral definirg filter in scries with the illuminator before the beamsplitter to minimize 
the observation of the cu bands. One approach would use a field stop plate with a surface that 
has a highly directional reflectivity, but not a mirror, so as to maximize the return of photons back 
towards the source at angles that will go backwards through the sounder optical system. A 
material with a different reflectivity could provide a center marker and the apertures will look 
"dark* because the photons going through them will tend to be absorbed in the selectors, or not 
reflected back to the collimator. An alternative would be to put a small set of flyable reflection 
tags on the present field stop plate that would allow determination of the alignment and pernaps 
provide a larger return signal. The infrared imaging system at the back of the collimator could be 
an image plane scanner or could be a small set of detectors that will ’scan” by moving the 
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sounder's pointing mirror using ifs Image Motion Compensation (IMQ inputs. This alignment 
scheme will experience a large fiuoughp;?* toss because of the two way beam path; i.e., from the 
source through the optics to the aperture plate then back through the optics to the detector. This 
should not pose a problem since a high intensity source can easily be provided for this type of 
test. 

A detailed optical analysis is required to establish the desired optical properties of the field stop 
plate for thu operation and the effect of this change, if any, on the performance of the sounder. 

An analysis of the required souicc intensities and the sensitivity required in the IR imaging system 
to be located in the back of t be oollimator is needed to determine the time required to generate an 
image of the field stop plate, and thus the actual feasibility of this concept. 

7.1.2 Remote Alignment Adjust Mechanisms (Options il and III) 

Setting the alignment of the several focal planes of the GOES-I imager and sounder to the 
required co -registration accuracy has proven be a difficult task, principally because the use of 
the bench cooler for the IR alignment produces stress on the vacuum housing which appears to 
cause significant displacement of the visible chanrds with respect to the IR, and even to some 
extent among the IR channels themselves. As of this writing, the final accuracy of the alignment 
procedures has still not been demonstrated. Final alignment at instrument thermal vacuum level is 
desirable so that, because the entire instrument is at vacuum, the minimum mechanical stress is 
applied to the *^uxm housing. Remote adjustment me. ^sms (and alignment detection) are 
required Such mechanisms have been recommended for the advanced imager and high resolution 
sounder to provide in-flight adjustment capability to better meet the stringent co-regisuation 
requirements impv. red on those instruments. The mechanisms and the need for in-f ; ght 
adjustment are disc. sed in more detail in Section 9.5.2. 

7.1 1 Rex Pivot f** Imager East- West Scanner (Options II and III) 

Of all moving mechanisms involves in the GO! -N instruments, the bearing assembly lor the 
Imager east-west scanner has by far the most cumulative tn? ! over the mission lifetime of five 
years. Because of the two axis scan implementation, this bearing assembly must endure 
appro, mately 2 x 10 3 times the total oa* . the north-south bearing assem v on the GOES-7 
VAS, and is still subject to the problems associated with small scan excursion, wherein the balls 
never completely turn over and the ball tracks do not overlap in the races. In view of the 
difficulties experienced with the Visible Infrared Spin Scan Radiometer VISSR/VAS instruments 
qualification and life lest of the GOES-I bearmgs have been of great concern throughout the 
instrument development cycle. R^cttably, mission suitability has not been demonstrated, even at 
this late date, and such demonstration is difficult in any case because of the necessity to properly 
account for flight loads the bearings and to accurately accelerate the life test 

This type of small angle, extended life cycle motion has in the past bee* accomplished with great 
success by flex pivots, essentially small flat springs supporting the moving structure. For suitably 
small angle motion, these devices have essentially unlimited life. The pivots are sometimes 
cxciteo near their natural frequence to inouce harmonic motion, with amplitude and phase control 
of the motion, but also may be used as "beaijigs" ir. a position control servo loop similar to the 
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GOES scan mirror drive. We have found no prior application ■ hicn required the accuracy and 
linearity with which the scan angle must be controlled anc cter, j*e- for GOES-N, though similar 
ultimate scan accuracy was achieved through ground lesampti' j the Thematic Mapper (TM) 
data. The flex pivot with motor encoder drive has b*. at'' >~i, 4ud appears promising although 
further analysis and a proof-of-roncepl test model v ot'd oe required to demonstrate 
compatibility with the very high accuracy shaft encoder needed. The study results are reported in 
further detail in Section 10. 

7.1.4 Relocation of the East- West Shaft encoder (Option III) 

Studies of the effects of relocation of the east-west shaft encoder and incorporation of a two point 
mirror mount were carried out with (surprisingly) negative results; i.e., the changes considered did 
not improve tb; pointing performance of the instrument scanner. The optica! encoder trade study 
(10.4.2.2-1.2) produced more positive results, but based on significant non-recurring costs, this 
modification was deferred to the Option II instrument. The redesign of the structure using low 
temperature coefficient materials (10.4.13.1) offers significant improvements in pointing 
performance, but violates the guideline that the Option I instrument is to be essentially the same 
design concept as GOES-I. This modification is deferred to the Option III imager. The studies 
have identified the focal plane temperature as the principal driver of signal -to -noise performance. 

7.13 Positive Temperature Control of the Aft Optics (Option I) 

One modification which is recommended and not incorporated currently in the GOES 1-M 
program is positive temperature control of the aft optics. This change could be incorporated with 
likely negligible impact to the spacecraft interface, and may ultimately be required to approach the 
specified performance requirements for channei-to-channel co-registration- 

7.1.6 Imager I - Improvements (Option I) 

Figure 9. 1.1-1 shows the general instrument arrangement of and important spacecraft interface 
information for the Option I imager. Although Uic concept had been to maintain the spacecraft 
interface unchanged, the weight allocation allows modest growth over the GOES-1 instrument to 
accommodate the changes recommended. The remainder of the information in Figure 9.1. 1-1 
reflects the status of the GOES-I imager. 

7.1.7 Noise Equivalent Delta Temperature (NEAT or NEDT) Improvements (Options I, II, and 

HI) 

Improvement of the NEAT lor ihe unager through lower focal plane temperature should be 
achievable in Option I by changing the surface finish of the Asti^mast boom to a specular, low 
emissivity reflector. The analysis by 11 1 and verified indenpendentl> for this study shows that 
this change alone results in an operating temperature advantage of nearly 10K to a control 
temperature e* about 92K for either the imager or the sounder. Performance modeling for the 
imager in this report has been done only at the 85K control temperature we expect for Options II 
and III, but for the detector noise limited performance exnectea, the 92K control temperature 
would result in improved NEAT at all wavelengths, potentially by a factor of three relative to 
GOES-1. 
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7.1.8 Optics and Focal Plane Anays (Option I) 

The optics and focal plane arrays lor the Option I imager arc identical to the GOES-I imager. 
Collected light is spectrally separated through dichroic beam splitters and individual filters to one 
visible and four IR focal planes, with detector arrays in each focal plane acting as field stops. All 
individual focal plane arrays arc required to be co-registcrcd in object space, placing stringent 
requirements on the stability of the complex aft optics. Figure 9.1. 1-2 shows the required 
superposition of focal plane arrays in object space for the Option I imager. The redundant IR 
detectors are realized by utilizing linear detector arrays of four dements (two dements in the ease 
of the 8km Instantaneous Field of View (IFOV) channd 3) and only utilizing half of them at any 
lime. The eight visible channds, as in GOES-I, arc not redundant in the Option I imager. 

7.1.9 Other Considerations 

Overall image quality and calibration accuracy can be improved by dc restoring on every available 
space look, rather than at two minute intervals as currently done on GOcS-I. This will 
significantly reduce the effect of 1/f noise, and is recommended for the Option I imager. The 
Attitude and Orbit Control Electronics (AOCE) software must be modified to eliminate 
discontinuities in the IMC signal durin scan tura-around. It is assumed that this modification 
will be incorporated at some point in the GOES I-M program. It is also assumed that at some 
point in the GOES I-M program a stable, full time Coherent Error Integrator will be developed. 
This may be necessary to achieve within frame registration requirements at end-of-Iife. 

7.1.10 Sounder Improvements (Option I) 

In keeping with the concept of the Option r spacecraft system as a minimal cost approach to 
GOES-N, changes to the spacecraft and instruments from the GOES-I configuration are limited 
to those for cost and/or efficiency improvements and those instrument modifications offering 
significant performance benefits without significant impact to spacecraft interfaces. The Option I 
sounder design concept is therefore identical to GOES-M. It is a filter wheel radiometer with 
eighteen infrared spectral channels arranged in three spectral bands on the filter wheel. Each 
spectral band has an array cf four cietector channds, each with a nominal 8.66km diameter 1F0 U , 
which receive radiation through common spectral filters sequenced in that particular band of the 
wheel. One visible spectral channel with four detector channds of 8.66km diameter IGFOV is 
provided on one separate un cooled focal plane, and eight 1km square IGFOV star sensor detector 
channels are provided on another. 

The detectors FOV are scanned over the scene in object space by a two-axis gimballed mirror. 

In order to accomplish the required sounding rate for GOES-I, each sounding must be completed 
in 100 milliseconds. The scon drive related studios described in Section 9.1.1 which were carried 
out with negative results for Lie imager are equally applicable to the sounder, i.e. no "easy fixes’* 
for tho difficulties experienced with the GOES-I scanners have been found. 

Significant improvement in the sounder to improve the Noise Equivalent Delta Radiance (NEAN 
or NEDN) : s limited by the focai plane temperature, which can be significantly lowered within the 
concept of a low cost, mi^mal impact system by changing the external finish of the Astromast 
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solar sail boom as described in Sections 9.1.1 and 9.5.3. 1. The same magnitude of performance 
gain as for the imager can be realized through this means, and a focal plane temperature cf 92K 
should be realizable. Performance has been modeled only at the 85 K temperature expected with 
Option II and the * rvr . expected with Option III. 

Co-registration of the sounder channels to the stringent requirements of R025 remains a major 
problem for GOES-N, as discussed in Section 9.4 13. It is recommended that improved means 
of alignment and co-registration of the sounder channels be developed for all spacecraft options, 
as discussed there. It is also recommended, as with the Option I imager, that the aft optics be 
temperature stabilized to avoid the possibility of diurnal drift between channel centroids in the 
various spectral bands. 

Major instrument interface requirements for the Option I sounder are presented in Table 93.1-1. 
As in the imager, approximately 7kg of weight growth in the sounder sensor module relative to 
GOES I-M has been allocated to accommodate 'he thermal control and alignment modifications 
recommended. In all other cases, the specifications are taken from GOES I-M allocations current 
at the beginning o* this study. 


7.2, Options I, II, and III Summaries 

Tables 6.5 and 7.2-1 summarize sensor complements, spacecraft candidates, and launch vehicle 
classes. Figure 7.2-1 provides some general conclusions with regard to Options I. II, and III that 
were derived from NOAA Tasks 2, 3A, and 3B 

7 2.1 Option I (Tables 7.2 -2 and 7.2-3) 

7.2. 1.1 Payload Concept Summary 

The concept of the Option I ^pa^ccraft system is one of minimal cost and is based on the 
GOES I-M system. Changes to # lie spacecraft and instruments from the GOES i-M configuration 
are limned to those for cost and/or efficiency improvements and only those instrument 
modifications offering significant performance benefits without significant impact to existing 
spacecraft interfaces. 

The payload content fur Option I is depicted in the matrix of Table 6.5. It was configured nearly 
identical to the GOES I-M payload with relatively minor improvements and additions to represen* 
the minimum risk/cost system considered m this study. Many of the improvements referred to in 
the Option I configuration include items that NOAA, the NASA JOES Project, am. GOES I-M 
contractor personnel would include if they "had a a.^nce to do GOES I-M over again". Some of 
the items considered nay yet be incorporated into the GOES I M program. Because this concept 
ic minimally different from COES I-M, the GOES I-M spacecraft was the only candidate 
considered for the Option I payload and therefore, must meet the weight, space, and power needs 
of the improved payload. This fact should be kept in mind because it is z najor driver : n the 
limited nature of improvements made to various GOES i-M hardware components in subsystems 
utilized for the Option I payload. The spacecraft ar 1 its minor modifications are addressed in 
Section 7 . Z 1.2. 



Using the Option I column of Table 6.5 as a guide, the first pavluad item to be considered that is 
different from GOES I-M is the improved im^er. For many reasons (discussed in Section 9.1.1) 
the only imager improvements recommended for this option arc: 
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FIGURE 7.2.1 (continued) 

SPACECRAFT OPTION I 

(ESSEN iLLY SUPPORTS CORE REQUIREMENTS) 
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1. Incorporate positive temperature control of the aft optics to improve channel -to-channcl 
registration 

2. DO-restore on every available space look to improve calibration accuracy 

3. Lower the focal plane temperature to improve NEAT by reducing the emissivity of the 
/.Komast boom 

The general suggestions previously discussed in Section 7.1.3 arc also to be considered for the 
Option I improved imager as appropriate. Details of the Option I imager are contained in Section 
9.1.1. 

Three minor improvements are suggested for the Option I sounder, two of which are the same as 
suggested for the imagei. The improvements recommended (addressed in Section 9.3.1) are: 

Lower the focal plane temperature io improve the NEAN by changing the external finish 
of the Astromast solar sail boom 

L the temperature of the aft optics to minimize diurnal drift between channel 

in the various spectral bands 

S. iV op and implement an improved means of alignment and co-registrati l of the 
* vv v--ier chr^Us 


This lccommendatMij (discussed in Section 9.4.13.1) involves slowing down the filter wheel 
speed and increasing settling tLe between scan mirror steps. Again, as for the Option I imager, 
the general suggestions offered in Section 7.3.1 are also to be considered for the Option 1 sounder 
as appropriate. Details of the Option T sounde r are contained in Section 93.1. 

The final payload items mat are different fro.^ GOES I-M on the Table 7.2.1 list are in the SEM 
configuration. Option I has an EPS which is improved over the GOES I-M version and carries a 
local plasma sensor which is not presently pert of the GOES I-M contingent of payload 
instruments. The baseline GOES I-M EPS is modified for Option I by the addition of new data 
channels to extend the range of measurements of protons, alphas and electrons, into lower mergy 
regions and to add ;be capability to measure heavy ions fluence. Thes" measurements v t ztc 
identified by NOAA as core requirements for GOES-N. The local plasma sensor, a new 
instrument to the OCRS system, can measure electrons and protons in much lower energy regions 
than the EPS (i.e., lOeV to 30KeV). Two alternative designs ar^t available for this instrument. 

One concept would utilize the NOAA K, L, M satellite series Total Electron Detector (TED) with 
appropriate modifications to provide adequate look angles. The other concept utilizes a LPS of 
the type flown by Southwest Research Institute and others on several missions. Information about 
the improved EPS and local plasma senso r are found in Section 11,63 which references 
appendices containing greater derail. 

7,23.2 Opiion I - Spacecraft ConfigUiudon and Heritage 

The spacecraft sign considered for Option I ts basically the same as the current COES 1-M 
which is sh *\vn in Figure 7.2.2. Lengthy discussions v'ith LAS, the designers and manufacturers 
of the GOES 1-M spacecraft, resulted in identification of reLtivcl * minor mechanical 
modiiications that car be made to the basic GOES I-M structure that would allow an increase in 
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payload and additional fuel potential of up to 64kg for the Option 1 improvements. The 
modifications consist, basically, of adding extra skin thickness or stiffeners, to the central thrust 
tube and instrument mounting areas and beefing up many of the truss joints. It was not 
considered necessary to build an entirely new structure. The risk to the basic structure design of 
incorporating these modifications is considered minimal. 

The only other Option I change in spacecraft hardware over the GOES I-M design is in the 
controls area. The proposed changes are minimal. They consist of increasing performance of the 
earth sensor, making minor improvements to the imager servo and tightening the momentum 
wheel tachometer noise specification. These changes are expected to result in improved pointing 
and . Image Navigation and Registration (INR) performance. The expected performance 
improvements due to these modifications are discussed in detail in Section 103. 

The resulting Option I spacecraft is 3-axis stabilized, with a design life of 5 years, and which is 
externally identical to the LAS GOES I-M system shown in Figure 7 2.2. The basic 
configuration is a rectangular box with approximate dimensions of 1.9 x 1.9 x 23m. A single 
wing solar array, which rotates through 360 degree every 24 hours, located on the south side of 
the spacecraft, has its solar pressure force balanced by a solar sail on a 16m boom located on the 
north side. An adjustable trim tab on the outer end of the olar array wing is used to fine tune 
the solar pressure torque against daily varying sun declination effects. The major earth viewing 
instruments, the imager ar.J sounder, are designed to fit in a corner of the spacecraft such that 
their optical axes look -onbward wf-Je their passive radiation coolers look northward, toward the 
solar sail. Antennas and otn.n earth viewing instruments occupy additional space on the earth 
viewing panel. SEM instrument; required to monitor the sun are attached to a tilt mechanism 
mounted on the yoke that attaches 'he rotating solar panel to the spacecraft body. Internal to the 
spacecraft is a central thrust tube wh'ch bouses fuel tanks and serves as the basic structure for a 
truss network that supports instrument mounts and outside panels. On one end of the thrust tube 
is the apogee motor mount and the connect/separate mechanism for attaching the spacecraft to the 
launch vehicle. 

The Option ! spacecraft draws almost all of its heritage from the yet unproven LAS GOES-I. If 
GOES -I proves to be a well performing, reliable spacecraft after a reasonable time in orbit, then 
the Option I GOES-N spacecraft will be well-founded. 

The foregoing brief description of the Optioa I spacecraft was intended to assist in identify ing the 
major differences and/or similarities between Option I and the Options II and III spacecraft that 
are described in Section 7.22. and 7.2.3. 

7.21.3 Option I - Ground System and Spacecraft Communications 

Option 1 includes only one new instrument, the LPS The data produced by this instrument would 
be transmitted to earth via the Multiuse Data Link (MDL). Since the MDL uses Quadraphase 
Shift Key (QPSK) modulation, the SX1 data could be transmitted via ihe I channel and the LPS 
via the Q channel. No changes would be required on the spacecraft. T ie only changes required 
to the ground system would be at Environmental Research Laboratory (ERL) for handling the new 
instrument data. 
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GOES-N OPTION I 
(ORBIT CONFIGURATION) 

Figure 7.2.2 
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There are a number of potential improvements to the GOES l-M communication system that 
shook! be considered. These improvements apply to the Option I spacecraft and ground system as 
well. Briefly, they arc: 

1. Eliminate the MDL and CDA on-orbit telemetry transmitters, multiplexing the data with 
the sounder data on the Q channel of the Sounder Data Link (SDL). 

2. Eliminate the DCP Response (DCPR) transmitters and combine the DCPR band with the 
WEFAX signal, reducing intennodulatioo products in the vicinity of the DCPR band, 
which would reduce WEFAX signal Effective Isotropic Radiated Power (EIRP) by less 
than 0.5dB. 

An additional third change that should be considered is elimination of the processed data rcL y 
(PDR or GVAR) link. This may be feasible if GVAR users can use remapped products 
distributed via the AWIPS. The other possibility is to have the AW1PS contractor distribute 
GVAR data. 

Implementation of the first change would require an on-board multiplexer for the SDL, associated 
demultiplexers at the CDA, the SOCC, and ERL, and replacement of the MDL demodulators with 
SDL demodulators. The second change would require no ground system changes. The third 
change would be more radical in that the GVAR processing would be dooe at the World Weather 
Building Data Utilization Station (DUS) instead of at the CDA. In addition, a new ranging 
technique would be needed to replace the tanging signal imbedded in the GVAR signal. 

7. 2. 1.4 Option 1 - Risk Identification 

There are two major areas where risk is associated: performance and reliability. Performance risk 
weights the design adequacy of the instrument, spacecraft, communications, and the ground 
systems (including redundant units) to produce data that satisfy stated requirements- These risks 
can be offset by payload design improvements (i.e., include mote or different sensors, 
channels/bands), addition of complementary/supplementary payload instruments and/or spacecraft 
design improvements (e g., stiffer momentum bias systems, thermal insensitivity). Reliability risk 
encompasses productability, operating performance, and longevity of ^uce hardware. This risk 
can be offset, primarily, by the use of flight proven designs, by the addition of redundant units 
and data paths, and the use of high reliability and radiation hardened parts. Life testing is also 
helpful to improve confidence levels. However, reliability of this type must tx. built in, not 
“tested” in. 

The risk associated with improvements recommended for the Option 1 configuration are, by 
design, minimal, assuming GOES I-M is a successful program. With the exception of the LPS, 
all Option I payload instruments are GOES l-M instruments with relatively minor 
modifications/improvements. On the negative side of risk is the fact that the Option I 
configuration heritage is based almost entirely on a system that has no first generation flight 
history. On the positive side, however, there is some second generation heritage in the 
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GOES l-M system from the Indian Satellite (I NS AT) spacecraft and instruments and Television 
Infrared Operational Satellite (TIROS) instruments. Items such as the basic GOES I-M structure 
concept, the Astromast solar sail, solar array design, fuel system design, and overall layout are 
heavily related to INSAT. 

The imager and sounder designs are based on somewhat scaled versions of the INSAT imager and 
the TIROS Very High Resolution Radiometer (VHRR). The local plasma sensor, the only 
payload item without GOES I-M heritage, is considered low risk because both of the two designs 
proposed have previous heritage. The EPS is a modified GOES I-M design which also has 
heritage from previous GOES designs. 

While it is difficult to quantify risk because of the fee t that the GOES I-M heritage is not yet 
flight proven, it can be surmised that the modiftcationsAmprovements to GOES I-M proposed for 
Option I will not significantly change the risk level. 

7.2. 1.5 Option I - Launch Vehicle 

Even though GOES i-M is planned to be launched on the Atlas I launch vehicle built by General 
Dynamics, the GOES-N Option I concept would utilize the Adas II launch vehicle. Hus change 
is not due to the need for increased lift capability, but because General Dynamics has stated that 
the Atlas I launch vehicle will no longer be in production in the GOES-N time-frame (1999- 
2000) except for special orders at premium prices. By 1999, the Atlas □ is expected to have a 
considerable flight history and should, therefore, be of minimal risk to the GOES-N mission. The 
Atlas II does provide an additional 340kg of payload lift capability to geosynchronous altitude 
transfer orbit. 

7. 2. 1.6 Option I - Summary 

The basic premise ’tnderlying the spacecraft system concept for Option I is that of a min imal cost 
program based almost entirely on the GOES I-M heritage. Changes to the spacecraft and 
instruments for the tiOES I-M configuration are generally limited to those involving cost and/or 
efficiency improvements and instrument modifications that offer performance imp movements 
without significantly impacting the spacecraft interfaces. Even though there is not necessarily a 
one-to-one correlation between the Option I concept and the Task 2 study goals, the 
recommended Option I modifications include most of the feasible cost and/or efficiency 
improvements studied during Task 2. 

The Option I recommended modifications to the GOES I-M imager and sounder have little or no 
effect on existing GOES I-M interfeces. Controlling temperature of the aft optics can be done 
internal to ibe instruments and their electronics boxes. Lowering the focal plane temperature 
requires a different finish on the Astromast solar sail boom; the boom is external to the 
instruments. 

Changes to the spacecraft control system for improved INR performance are all internal to the 
earth sensor, imager ser/o, and tachometer. Changes to the spacecraft structure involve increasing 
the thidtness of skins and plates and thickening truss joints. 
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The effect on risk of implementing all recommended modifications for Option 1 is considered 
negligible. The level of risk cannot be quantified, however, until GOES I-M is a flight proven 
system because the Option I concept derives essentially all of its heritage from GOES l-*M. 

7.2.2 Option II (Figure 7.2.3) 

7.2.2. 1 Payload Concept Summary 

The Option 0 concept is progre ssi vely more improved, costly and complex than Option I but less 
so than Option III. The constraint of utilizing modified GOES I-M designs for the most part is 
abandoned, but a theme of evolutionary improvements is maintained. The resulting Option II 
concept incorporates a different spacecraft bus modeled after the Hughes 601, an existing and 
seasoned design. The principal system enhancements recom m e n ded are: 

• Improved passive cooler operation 

• Improved INR performance 

• Increased sounding resolution 

• Lightning mapping 

• Additional reflectance imaging channels 

The HS601 concept is shown in Figure 7.2.4. 

Referring to the Option ff column of Table 7.2.1, the payload items that are different from Option 
1 are the imager, sounder, lightning mapper (LM), WEFAX, and DCS. Each of these items is 
addressed in turn. 

Imager changes were limited to those that did not require the GOES I-M design concept to be 
changed. The addition of the two channels (0.86pm and 1.65pm) specifically requested by 
NOAA can be implemented without impact to the cooler design. Modifying the imager to 
improve minor pointing performance will be accomplished by swapping inductosyn minor drives 
with optical encoder drives and limiting the encoder size to fit in the inductosyn space. This is a 
very productive change because of (be greater inherent accuracy of the optical encoders. Neither 
of these changes causes an increase in sensor dimensions, but the GOES I-M imager electronics 
were slightly enlarged to accommodate circuitry for the additional spectral channels. Performance 
improvements gained by operating at a lower focal plane temperature were accomplished for this 
concept by completely eliminating the solar sail and by doing a half-yearly 180 degree yaw 
maneuver to minimize solar incursions on the passive cooler. Further details on the Option II 
imager can be found in Section 9.1.2. 

The Option ii sounder is called the High Spectral Resolution Sounder (HSRS). Its design is not 
tied to or restrained by the GOES 1-M sounder concept. It is a Michaelson interferometer which 
is based on the High -resolution Interferometer Sounder (HIS) development as proposed by the 
University of Wisconsin, ITT, and SBRC for retrofit into the GOES I-M program. This 
particular approach was chosen over others (e.g., Fabry-Perot) because it is better suited to meet 
requirements for contiguous spectral information over the entire spectrum. Optics size has been 
increased by 2 inches to 14 inches as contrasted to the GOES I-M sounder with 12 inch optics. 


82 



SPACECRAFT OPTION II 

(ESSENTIALLY SUPPORTS OPTIONAL REQUIREMENTS) 

SPACECRAFT (DIFFERENT BUS) 
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REDESIGNED STRUCTURE MAY BE REQUIRED TO MINIMIZE DEFOCUSING EFFECTS 



KEY FEATURES OF HS601 BUS 

Modified For GOES-N 

Figure 7.2.4 




Because the Option II sounder is cooled passively, larger optics were needed to meet performance 
requirements. While considerably unproved performance can be attained through the use of are 
refrigerator cooler, the Option 11 sounder was configured with the more conventional passive 
design because of its demonstrated long life. The higher risk refrigeration option was considered 
for the Option III sounder. As with the imager, the sounder performance is improved somewhat 
by the elimination of the solar sail aid the semi-annual 180 degree yaw maneuver to keep the sun 
off the cooler. It should be noted that the baseline design approach for the Option 11 sounder is to 
send the digitized interferogram to the ground without in-orbit signal processing Greater 
reliability is realized by ground processing and the communication system can handle tire 
required data rate without a significant downlink power increase. Greater detail on the Option II 
sounder is contained in Section 9. 

The Lightning Mapper Sensor (LMS) proposed for Option II is essentially the same instrument 
that has been scheduled for flight oo the GOES I-M series. MSPC is managing its development, 
supported by the development contractor, TRW. The procurement process is through Phase-B, 
but Phase -C/D is on hold pending final NASA/NOAA agreement on which GOES flight the 
instrument will fly. The LMS is the first sensor of its kind designed specifically to detect 
lightning from a geosynchronous satellite and locate it in terrestrial coordinates. Its FOV provides 
nearly full-disk earth coverage and it can output lightning data in real time. The LMS also has a 
commandable imaging mode which will be very useful for severe storm tracking More 
information on the LMS is contained in Section 9.6. 

WEFAX is another subsystem in the Option II column of Table 7.2.1 that is changed from 
GOES I-M mid Option L The present system consists of a single analog communication channel 
used to distribute low resolution data products to a number of user stations. The Option II (and 
Option III) configuration is changed to add three additional channels, for a total of four. The new 
c nnels are a second analog WEFAX channel, a digital WEFAX channel operating at 19.2kbps, 
mid a 50kbps data channel referred to as the NOAA port The stated purpose of the 50kbps 
channel is to broadcast DCS products from the CDA to DCS users and also tc distribute some 
NOAA weather products, fbis channel will replace a leased Domestic Communications Satellite 
(DOMSAT) service, that will replace the dial-up service currently in cse. An additional 
requirement is to have the WEFAX system operate during eclipse penods. 

Two spacecraft communications system configurations to implement a full four channel WEFAX 
capability were considered. One consisted of separate transmitters for each channel and tne other 
consisted of one transmitter for all four channels. Both configurations use a common S-Band 
uplink receiver. The four separate transmitter configuration was selected for Option II because aie 
GOES-I WEFAX power amplifier design can be used directly for each of the channels, thus 
m inimizin g cost and risk. The most notable effects of this change over Option I system 
parameters are a 14kg increase in spacecraft weight and a 150W greater power consumption. 
Additional details on the Option II WEFAX system are contained in Section 113. 

The final payload subsystem listed in the Option II column of Table 7.2.1 that is changed over the 
Option I configuration is the DCS. The present system consists of 200 1.5kHz data channels 
designed to operate at a data rate of 100bps. The Option II (also Option III) system is changed to 
accept 300bps and 120Cbps DCP transmissions. The principal change from the Option I 
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configuration is a 3dB inctcase in DCPR downlink EIRP, from ISO milliwatts to 300 milliwatts, 
to provide increased margin for the higher rate DCP channels. Two contiguous 1.5kH2 channels 
would be needed for 1200bps users. This change should require very little modification to the 
existing GOES-I DCPR design. No changes to either the CDA or the DCFs are required for the 
Option 11 changes. Greater detail on the DCS is contained in Section 11.4. 

12.12 Option II - Spacecraft Configuration and Heritage 

The payload changes for Option II result in potential weight increases that could exceed the load 
carrying capability of both the baseline and modified versions of the GOES I-M spacecraft 
structure. For this and other reasons, a different spacecraft was selected. Some principal 
improvements desired for the Option II spacecraft are: 

1) increased payload weight capability (Le., structural strength, fuel capacity) 

2) thermally and mechanically isolated sensor payload platform (an optical bench) 

3) minimal solar pressure disturbances 

A review of current aerospace industry spacecraft revealed that the existing Hughes HS601 
spacecraft design incorporates many of the features desired with only relatively minor 
modifications needed to satisfy the GOES-N mission requirements. This design is used as the 
basis for the Option II (and Option III) spacecraft concept 

The most significant external modifications made to the existing HS601 communication satellite 
design to meet GOES requirements were to remove the nadir facing antenna mounting panel and 
replace it with an optical bench, and to go from a dual solar wing to a single wing solar array. 

The optical bench is a precision pointed platform on which all attitude sensors and the mission 
sensors are mounted in dose proximity and alignment The bench is "loosely coupled" to the 
spacecraft body with a three-point support, minimizing loading across the benefa/bus interface. In 
the launch mode the optical bench faces upward in the launch vehicle shroud permitting the use of 
long non-deployable sun shades around the sensors' apertures. When the single wing array is 
deployed in space, its panels are dose to the spacecraft body to minimize soL*. torques. This 
obviates the need for a solar sail which thermally loads the sensor IR coolers. With this design, 
there are no obscurations on the north (or cooler) side of the spacecraft 

Internally, the HS601 bus needs few modifications because it is already structurally able to carry 
the full-up Atlas HAS capability-7500 pounds. Since it was designed to be a long life 
communications satellite (10 years), the propulsion tanks can carry fuel for 7 years capability even 
with the maximum GOES-N Option III payload. Sufficient battery power to allow full edipse 
operation is easily provided in the existing design. Most of the internal modifications will consist 
of and be due to incorporating the Option 11 sensor dedronics in place of the original payload of 
communication transponders and power supplies. 

The philosophy used for the Option II (and Option III) control system was based on minimizing 
risk by using proven technology where possible. GOES l-M designs were not considered to be in 
the "proven" category because of their lack of flight experience and heritage from other proven 
designs. Therefore, a "clean slate” design approach was used for the Option II and III concepts. 
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The recommended control system is inert iaily referenced, using very stable gyros and star trackers 
to sense spacecraft roll, pitch, and yaw attitude. Pointing errors from all sources, including mirror 
motion, sensed by the star tracker/gyro system are processed by the attitude control electronics 
(ACE) to produce two sets of error signals for control of high and low frequency disturbances. 

The low frequency signals are used to control the speed and direction of a set of four reaction 
wheels, arranged in a tetrahedron, which are operated in a zero momentum bias mode to control 
basic spacecraft pointing. The reaction wheel momentum buildup is periodically unloaded by 
thruster firings. High frequency error signals are used to reposition the imager and sounder scan 
minors to compensate for the attitude errors that cannot be followed by the reaction wheel control 
subsystem. The operation of this "closed loop" control system results in smaller pointing errors 
than the open loop system used on GOES I-M and Option I. Other differences from GOES I-M 
and their contributions to better pointing from the Option II/III control system are: 

1) having control system sensors (gyros and star trackers) mounted on the same optical bench 
as the mission sensors results in lower jitter error and thermal deformations to be corrected 

2) using star trackers instead of earth sensors for reference reduces errors (e.g., due to douds) 

Whereas the current GOES I-M control system dements have never been usui in applications 
requiring pointing performance as stringent as desired for GOES, the Option II/III dements are 
based on designs utilized for many of Goddard's high precision pointing spacecraft such as 
International Ultraviolet Explorer (IUE), Solar Maximum Mission (SMM) and Landsat. 
Implementation risk should therefore be lower with the recommended system. More details on the 
Option II control system are in Section 10.4. 

The resulting Option II spacecraft is shown in Figure 7.2.5. It is 3-axis stabilized with a seven 
year design life and is a derivative of the Hughes HS601 series. The basic bus configuration is a 
cubic box with approximate dimensions of 2.4m per side. This bus is highly modularized to 
allow parallel processing and schedule flexibility when integrating various payload options. The 
central module is a truss and cruciform panel structure that supports four 35 to 38 inch diameter 
bipropellant fuel tanks, four reaction wheels, two pressurant tanks, thrusters and an adapter ring 
with launch vehicle attach clamps. It is sandwiched between an electronic shelf on the underside 
which holds batteries, other power electronics, communications electronics and control system 
electronics and, on the top, by the precision pointed payload platform (optical bench). All attitude 
and mission sensors are mounted in close proximity on the optica] bench which attaches to the 
bus at three points with a combination of hard and flexible (kinematic) mounts. The attachment 
scheme "loosely couples" the optical bench to the bus such that mechanical and thermal loads arc 
not directly transferred from the bus to the bench. The bench is constructed of sandwiched multi 
layer graphite panels resulting in very low thermal expansions. These measures minimize relative 
motion among payload and attitude sensors to greatly enhance spacecraft pointing knowledge and 
increase image navigation and registration accuracy over the Option I configuration. Because the 
optical bench is mounted such that the nadir face is looking up to the top of the shroud in the 
launch mode, it is possible to put sizable sunshields on many of the sensors to further improve 
their performance when the angle between the sensor optical axis and the sun is small. 
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OPTION II 

Atlas IIA Launch Vehicle 




The SENi instruments arc mounted to a tilt mechanism on the solar array yoke much the same as 
in Option I. The solar array is mounted on the south side of the spacecraft. Unlike the Option ! 
design in which the solar array panels arc all deployed to the south, the Option II solar panels 
deploy in an east and west direction, thus minimizing solar pressure torques. Because the 
resultant solar pressure torque is manageable, the solar sail is eliminated, allowing the mission 
sensor coolers an unobstructed view of space. 

Although the Option II spacecraft draws most its heritage from the Hughes HS601 spacecraft 
which, like Option I, is yet unproven in space. Twenty one HS601, have been ordered to date by 
various customers and nineteen are in various stages of construction. The lu t is scheduled for 
launch this year (1991). 

This brief description of the Option II/III spacecraft is intended to show the major differences 
and/or similarities between the various candidate Option I, II and III spacecraft Greater details 
about the candidate or several other spacecraft proposed by LAS, General Electric (GE), and 
TRW are beyond the scope of this study but can be developed during Phase-B. The HS601 was 
chosen as the preferred candidate for this study because it required fewer modifications for 
compatibility with the GOES-N mission and because the unique optical bench design offered the 
most flexibility for accommodating various payload options and configurations. 

7.2.23 Option II - Ground System and Spacecraft Communications 

Option II includes the LM, the additional three WEFAX channels (a second analog channel, a 
19.2kbps digital WEFAX channel, and a 50kbps data channel), an improved imager, a high- 
spectral resolution sounder, a slightly higher EIRP DCP report channel, and the GOES-I S&R 
subsystem. In addition, a two-station ranging capability is needed to meet control system orbit 
determination accuracy requirements. This latter requirement was not identified until near the end 
of the study and will need to be addressed in future studies. 

The total data rate of the Option II instruments, exclusive of prr -essed (GVAR) data relay is 
about 12Mbps, compared to under 3Mbps for Option I. The majority of this data rate increase is 
due to the sounder. Accommodation of this data rate within the 20MHz band allocated at S-Band 
requires the use of compression techniques for the imager and sounder data and balanced QPSK 
modulation. Thus, an on-board multiplexer is needed to combine imager and sounder data, and 
the instruments need the capability to compress data and code forward-enor-correction the data. 
The LM and ACS data could be downlinked directly to the SOCC and DUS via the MDL, along 
with telemetry data and the other SEM instrument data, avoiding the need to relay the LM and 
control system data via the GVAR link. An on-board multiplexer would also be required for this 
link to combine the various data streams. Associated demultiplexers would be required at the 
receiving ground stations. 

Because of the increased imager and sounder data rates, the center frequency of the SDL will 
have to be changed from the frequency used for GOES-I. In tum, the center frequencies of the 
MDL ar.d GVAR links will also need to be changed. The MDL and SDL demodulators will need 
to be modified or redesigned to handle the increased data rates. The GVAR link would require a 
change from Binary Phase Shift Key (BPSK) to unbalanced asynchronous QPSK (UAQPSK) 
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modulation, with the processed imager data on one channel and processed sounder data on the 
quadrature channel. Likewise, demodulators at the SOCC and all direct GVAR receive stations 
would have to be replaced with UAQPSK demodulators. 

in addition to the above changes to the spacecraft aid ground station equipment, the following 
communication system improvements, some of which were recommended for Option I, should be 
considered: 

1. Eliminating the MDL and CDA on-otbit telemetry transmitters by multiplexing these data 
streams with the imager and sounder data on the SDL These changes would require an 
increased number of multiplexer/demultiplexer ports. The MDL demodulators would also 
have to be replaced with SDL demodulators. 

2. Combining the DCP report band with one of the WEFAX channels to reduce 
intennodulatioo products within the DCP report band, thus improving performance and 
Eliminating DCP report transmitters. The effect on the WEFAX signal EIRP would be a 
reduction of less than OidB and would require no changes to the ground system. This 
recommendation applies whether single or separate transmitters are used for WEFAX. 

3. Eliminating the processed data relay (GVAR) link. This may be feasible if GVAR users 
can use remapped products distributed via the AWIPS. The other possibility is to have the 
AWIPS contractor distribute GVAR data. This change would require that GVAR 
processing be done at the SOCC or DUS instead of at the CDA. 

7.2.24 Option II - Risk Identification 

With the exception of the new instruments, the risk associated with the configuration 
recommended for Option II is not significantly different from the Option I configuration. Tne 
spaced aft structure, thermal, power, and propulsion subsystem designs, like Option I, are based 
on a system that does not yet have flight experience. However, the Hughes HS601 series 
development is somewhat more mature than the LAS GOES-I, because the first one is scheduled 
for launch about year earlier than GOES-I and because four to six times as many Hughes units 
are already in various stages of construction and test On the balance, however, is the fact that 
LAS already has three-axis stabilization experience with INSAT, albeit to less stringent pointing 
requirements, while the HS601 will be a first experience for Hughes. 

The increase in risk associated w :'h imager improvements is small because those modifications do 
not require a change in the GOES I-M design concept nor a change in cooler design. 

Performance risk, on the other hand, should decrease with the incorporation of the more accurate 
optical encoder minor drive. This type of drive was used or. a!! cf the preceding GOES series 
and has proven tr> be very reliable. 

In contrast to the imager, the Michclson sounder is a new development for this application. While 
some experience has been gained with this design approach from instruments built by Bomem of 
Canada and operated on aircraft flights, it is insufficient to p. edict the characteristics of the Option 
II configuration in the GOES operational environment. Careful engineering and management 
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decisions are needed to fully understand the areas of risk associated with selecting this new 
technology for an operational system. To help ease reliability risk, a passive rather than active 
cooler is proposed for the Option II sounder. This type of cooler cannot lower the focal plane 
temperature to the level required to approach the GOES-N sounding requirements, so the optics 
aperture si^c was increased by two inches to compensate. The larger optics adds some increased 
risk because of the greater difficulty required to maintain optical quality and scan efficiency. 
Overall, this approach is still judged to be less risky than smaller optics and the unknowns of a 
mechanical refrigerator system. Elimination of the solar sail mid the addition of semi-yearly 180 
degree yaw maneuvers will enhance the effect of the cooler and lessen performance risk 
somewhat. 

The LM sensor is another oew development for operation in geosynchronous orbit A 
development program managed by MSEC has been on-going for some time to provide a 
prototype instrument for flight an GOES I-M. This pro g ra m has only gone through the 
t 'ocmemeat cycle to Phasc-B, and actual prototype hardware has not yet been builL Because the 
lightning mapper is a fairly simple instrument, being a staring sensor with no mechanical motion 
during its normal modes of operations, and because it has been analyzed through the Phase-B 
level, the risk of developing a successful prototype is probably not great The mission risk is 
minimal since the lightning mapper is not a primary sensor critical to mission success. 

Changes to the WEFAX and DCS involve adding channels to existing designs. The methods 
proposed for implementing the additional capability in the Option II configuration require minimal 
changes to the existing hardware designs and very little impact to ground systems. For these, and 
other reasons, the perfottnance aid reliability risks associated with meeting Option D 
requirements are small. 

With the exception of the high spectral resolution sounder, the Option D risk can be quantified to 
be nearly the same as Option I and GOES 1-M. However, the risk of a completely successful 
development of the interferometer sounder for geosynchronous operational use is high, in both 
performance and reliability. 

7.2.2.5 Option II - Launch Vehicle 

The Atlas I LA was selected for launch of the Option II concept. Improvements in- the DCS, 
control system, a new sounder, and an additional sensor-the LM, have caused the weight and 
power requirements to increase over Option I. These increased needs require additional 
stationkeeping fuel and solar array and battery capacity. When all improvements and supporting 
capacities arc accounted for, the Option 11 configuration weight estimate is 2602kg, 440kg greater 
than Option I but still within the lift capability of Atlas II, which is 2680kg. However, a 78kg 
margin is grossly inadequate at the offset of a program, especially when the program requires the 
development of two new instruments such as the sounder and LM; ergo, the selection of Atlas 
II A. Witt, the Atlas IIa for launch, the margin is estimated to be 208kg. 
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7.2.2.6 Option II - Summary 

The basic premise underlying the system concept for Option II is to meet NOAA core 
requirements. The concept was not based on the GOES I-M system; the idea of evolutionary 
changes from the Option I configuration was the guideline in defining Option II. Choosing the 
Atlas class launch vehicle as a constraint limited most study activity to die evolutionary arena. 

The evolutionary concept drove selection of the spacecraft and payload designs to systems that are 
already in use or that me in advanced stages of development. The spacecraft, for instance was 
chosen because of the maturity of its design, its capability for larger payloads, mid bow well it 
can accommodate and support mi optical bench. The optical bench concept provides not only 
greater image registration accuracy, it also provides a large meanue of flexibility for varying 
payload configurations and greatly simplifies the integration and test process. 

Payload items selected for Option II are generally based on modified or upgraded GOES I-M 
designs. The sounder and lightning mapper are exceptions, of course, but even they ate based oc 
well proven concept s that are in advanced stages of development. The resulting increased data 
rates will require that an on-board multiplexer be added to the spacecraft communication system 
and that some in-band frequency changes be made. These will require corresponding changes to 
the existing ground system ( Le., a new demultiplexer and new or modified demodulator). Most 
elements of the existing ground system can be used as is, which again testifies to the evolutionary 
nature of the Option 0 concept 

Exclusive of the new instruments, the effect on risk of implementing the recommended 
modifications for Option D is considered to be roughly the same as Option I and 
GOES I-M. The new sounder and lightning mapper have yet to be completely developed for a 
geosynchronous environment and, therefore, significantly increase the risk of the Option D 
mission. Sufficient weight and power margins have been planned for this concept to offset the 
risk of potential excess growth of these instruments during their development process. As with 
the Option I concept, the levs! of risk for Option II cannot be quantified until GOES I-M is flight 
proven, the HS601 is flight proven, and the new instruments have completed their development 

7 2.3 Option III (Figures 7.2.6) 

7.2.3. 1 Option III - Payload Concept Summary 

The Option III concept continues the theme of evolutionary improvement over Option II by 
incorporating essentially the same spacecraft, control system, sounder, WEFAX, DCS, S&R and 
SEM instruments. While the improvements and additions increase implementation risks and costs, 
they also significantly increase performance capability. The matrix of Figure 7.2.1 will serve as a 
guide for discussion of the Option III improvements. 

The first item that is basically different from its Option II payload counterpart is the advanced 
imager. It is a totally new design that incorporates all the additional spectral bands requested by 
NOAA and meets, in most cases, the desired spatial resolution for each band. This modest 
increase in capability contrasts to the significant changes in design over Options I and II which 
were made to improve pointing, registration, and thermal performance. 


92 



Perhaps the most significant change is the use of very low temperature coefficient materials (such 
as Graphite Fiber Reinforced Plastic (GFRP)) in the cor^uudioa of the imager combined with 
more efficient structural geometry to lessen the pointing errors caused by diurnal thermal 
distortion. Not only will the use of GFRP minimize thermal deformation anVor thermal snapping, 
it also helps to raise the lowest fundamental structure frequency mode oat of the instrument mirror 
servo controller bandwidth, thus enabling the design of a more stable controller. 

Another significant change is the use of spatial separation for IR spectral channels in a common 
extended focal plane rather than spectral separation by beam splitters as implemented on GOES-!. 
This method greatly enhances the chances of maintaining fundamental co-registration accuracy 
during the fabrication process and in the operational thermal environment, h does, .owever, 
aggravate the problems of image rotation. 

Image rotation is inherent ; n a two-axis single minor scanner such as that used on GOES-L It is 
a serious error source requiring correction in navigation and within-frame registration 
performance in the GOES-I concept, even with the smaller focal planes used there. Another 
significant change to the advanced Option in imager, therefore, is to eliminate image rotation by 
incorporating separate scan mirrors for the east-west and north-sooth axes. Along with this dual 
minor scanner, operation in orbit at very small inclinations (0.05 degree or less) and resampling 
of the image data in ground processing would likely result in minimising channel -to-channel 
misregistration. References to diagrams of the Option HI advanced imager and greater detail on 
its configuration and expected performance can be found in Section 9.13. 

The next major difference in the Option III payload is the addition of another imager, r efe r red to 
as the "auxiliary" imager. The purpose of the additional imager is to provide coatinoous full-disk 
images in the event the advanced imager was being used in a limited areal coverage mode to 
observe a significant localized mesoscale event. This instrument would also provide a redundant 
imaging capability in the event of a primary imager failure. Several suggestions have been made 
for the source of the auxiliary imager including an INSAT, GOES-I, or an Applications 
Technology Satellite (ATS -6) Geosynchronous Very High Resolution Radiometer (GVHRR) type 
imager. 

An alternate approach to “he auxiliary imager is to double the number of visible channels in the 
primary imager so that it can cover the full— disk earth in half the time, thus freeing the remaining 
time for partial disk imaging. This alternate approach as well as the additional imager approach 
are described in greater detail in Section 9.1.4. 

The focal planes of the Option III imagers are passively cooled. The sounder has also undergone 
a significant change from Option II. The optical aperture has been reduced back to GOES I-M 
size and a mechanical cooler system is used in place of the passive cooler to improve the 
radiometric performance beyond Option II. The focal plane is cooled by a Stirling cycle cooling 
system modeled after the units planned for tne Atmospheric Infrared Sounder (AIRS) instrument 
on EOS. The Option III instrument weights approximately tne same as the Option II unit because 
the smaller optics weight is nearly offset by the mechanical cooling system. However, increased 
power requirements and control electronics for the refrigerator do significantly increase the Option 
III sounder system weight. Cooling would be provided by a pair (two compressors) of 
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refrigerators. A second pair is required for redundancy. The use of any mec h a n i ca l refrigerators 
in long-life space applications is in a developmental stage. No flight proven hardware exists 
presently, but NASA is making a major i nves tm ent in this technology for several instruments ou 
the EOS program. Hopefully, wjen GOES-N needs mechanical refrigerators, they will have been 
folly developed ^nd flight proven. Section 93.4 contains greater detail on the configuration and 
performance possibilities of the Option 111 sounder. 

The final major payload difference from the Option II configuration is in the SEM area. Option 
III has an additional two instruments in the SEM package, a combination SVM/HoI and a radio 
beacon for measuring TEC 

The magnetograph is a technically challenging in s tr u m en t for GOES because of its size and 
weight. To sense the magpetk: fields at the photosphere of the sun, even with state-of-the-art 
requir e s co— registering multiple images to better than the pixel size of 1 arcsec over at 
least a S minute period for the needed sensitivity. This will require very sophistic at e d optics 
along with very p recis e platform servo control. Added to these already tough requirements is the 
piye frg i t y to do narrow band sensing measurements in mntripie spectral bands if the Ha 
tw ]iii n »nw nK are to i ! realized in the same instrument. Section 11.1333 contains more detailed 
infonnatioa on the c ombina t io n SVM/HaL 

A Very High Frequency AJltia High Frequency (VHF/UHF) radio beacon will be used to monitor 
total electron content along the line of sight between the spacecraft and a ground station. The 
will be to measure the differential group delay of a code sequence transmitted at two 
frequencies in the VHF/UHF radio bands. This technique is very simple to implement on the 
Option DI bus. It is questionable, however, whether this capability is needed on GOES since the 
USAF has already implemented a similar capability on the widely distributed multiple spacecraft 
of the GPS. Further discussion of this system is contained in Section 11.13.36. 

7.233 Optioo III - Spacecraft Configuration and Heritage 

The Option III spacecraft is identical to me Option D spacecraft (modeled after the Hughes 
HS601) with a few exceptions. Internally, the only differences are in the size of the fuel tanks 
(38 inch versus 35 inch), data processing equipment to handle the combination SVM/Hal 
instr ument, three radiometers ino^aH of two, increased power handling and storage, and more 
communicatioas equipment Externally, the solar array is larger and the optical bench is 
configured differently to accommodate the three radiometers. The basic s tructure of the Option III 
spacecraft is not changed over Option 0 nor are the elements of the control system. The 
description of the spacecraft and its heritage, contained in Section 7. 323 , applies equally for 
Option UI. Figures 73.7 show the resulting Option UI spacecraft The basic bus configuration 
shown in Figure 7.34 s common to both Options II and HI. 
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SPACECRAFT OPTION III 

(ESSENTIALLY SUPPORTS ENHANCED REQUIREMENTS) 

SPACECRAFT (DIFFERENT BUS) 

IRU SYSTEM (STAR SENSOR/GYROS) - lOjur (SAME AS OPTION II) 
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7 2-3.3 Option III - Ground System and Spacecraft Communications 


Option III includes an auxiliary imager, the combination SVM/Hal, four WEFAX channels, the 
Option II imager, a high-resolution sounder, a slightly higher E1RP, and the GOES-I SAR 
subsystem. As in Option II, a two-station ranging capability is needed to meet control system 
orbit determination accuracy requirements This ranging requirement will need to be addressed in 
a future study effort 

The total data rate of the Option 111 instruments, exclusive of processed (GVAR) data relay, is 
about 14Mhps. Accommodation of this data rale within the 20 MHz S-band allocation requires 
compression of the imager, auxiliary imager, and sounder data. The use of a bandwidth efficient 
modulation scheme for the SDL, such as 8-PSK (Phase Shift Key), is needed to reduce the 
channel bandwidth required. An on-board multiplexer is also needed to combine the imager, 
auxiliary imager, and sounder data into one data stream for input to the SDL modulator. Data 
from the remaining instruments would be transmitted via the MDL, as in Option II. 

Because of the added instruments and higher instrument data rates, new center frequencies are 
needed for the SDL, MDL, and GVAR links. On-board multipl e x e rs are needed for the SDL and 
MDL For the ground stations, an 8-PSK demodulator is needed at the CDA to demodulate the 
SDL signal A new QPSK modulator pins multiplexer is required at the CDA to transmit GVAR 
data. New QPSK demodulators aid demultiplexers are required a all stations receiving the 
GVAR sigual. 

In addition to the above changes to the spacecraft and ground station equipment, the following 
communication system improvements (which were also recommended in essence for Option II) 
should be considered: 

1. Eliminating the CDA on-orbit telemetry transmitter and adding the telemetry data to the 
MDL 

2. Eliminating the DCP Report transmitters and combining the DCPR band with the WEFAX 
signal, reducing intennodulation products in the vicinity of the DCPR band. This would 
reduce WEFAX signal EIRP by less than 0.5dB but would require no changes to the 
ground system. 

3. Elimination of the GVAR link. This may be feasible if GVAR users can use remapped 
products distributed vu, the AWIPS. Alternatively, the AWIPS contractor could distribute 
the GVAR data. This change would mean that GVAR processing would have to be done 
at the SOCC, requiring greater EIRP on the SDL 
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7.2.3.4 Option III - Risk Identification 

The risk of successfully developing, implementing, and operating the proposed Option 111 
configuration is significantly greater than either of the two previous options. Development risk is 
up primarily because of the new imager design, the new sounder mechanical cooler design, and 
the new SVM/Hct) design. Implementation risk is higher because of the addition of a second 
imager and the SVM/Hal. Operational risk increases because of the complex dynamic 
interactions between the spacecraft and the various additional moving masses, such as the dual 
mirrors in the imager, the auxiliary imager mirror, the sounder mirror, the sounder mechanical 
refrigerators, and the additional SVM/Hal weight on the moving solar panel yoke. All these 
interactions will have to be controlled to very small system rmgular error values as will the orbit 
inclination. The net result of these increased risks shows up in a longer schedule ami a higher 
cost for the Option 111 p ro gram . The benefits of potecrially improved performance raid the 
benefits of meeting more requirements, however, tend to offset some of the risk. Considering the 
new imager, some of the risks of a new design are offset by incorporation of proven concepts. 

For instance, utilizing two mirrors doubles the number of rotating masses over the single minor 
with a dual axis used in GOES-I, but the single axis per mirror concept has been well proven on 
all previous GOES spacecraft Using GFRP, with its hygroscopic tendencies, for most of the 
imager structure is a new concept that may be challenging to implement, bat the offsetting 
potential performance gains can be enormous in the areas of thermal deformation and structural 
frequency response. Spatially separating the IR spectral channels in a common extended focal 
plane and eliminating numerous beam splitters eases the usual internal alignment problems and 
greatly enhances the chances of maintaining fundamental co-registration accuracy (fairing the 
operational thermal environment. 

The risk inherent in the sounder is as described in Section 7.Z2.4 with the additional risk ci 
mechanical cooler implementation. The unknowns here are basic refrigerator reliability and 
lifetime and tire effect of mechanical vibrations on INR errors. Another unkn own is the difficulty 
of connecting two cooling systems (of two refrigerators each), one operating at a tune, to the focal 
plane ensuring adequate heat transfer paths. Possibly, by the time GOES-N would need 
refrigerators, the concept will have been space proven by the EOS prornjr.. Offsetting the 
refrigerator risks are the potential for greatly enhanced sounding performance through lower focal 
plane temperatures and smaller, more accurate, optics. 

The risk of building a SVM/Hal capability, both housed in a package of reasonable size and 
weight, is quite large. The multiple image co-registrziion accuracy required combined with the 
larger weight carried on the solar pointing platform, increase concerns that dynamic interactions 
with the spacecraft control system may adversely affect INR system enois. It is strongly 
recommended that a foil study be conducted on this instrument before serious consideration is 
given to its inclusion into the spacecraft system. Without the results of such a study, it is 
doubtful that any validity can be given to a system pointing error budget that includes the 
combination SVM/Hal instrument. All these risks, however, can be offset by not including this 
instrument in the payload complement if the study results are not favorable, inasmuch as it was 
proposed to answer the needs of an adjunct NOAA requirement. 

In summary, the developmental, implementational, and operational risks for Option III arc greater, 
by far, than either Option 1 or II. The potential performance gains, however, arc also far greater. 
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7.2.3.S Option II! - Launch Vehicle 

The top of the line Atlas IL\S is required for launch of the Option HI configuration. This is 
primarily due to the additional payload weights of the new imager, the sounder mechanical 
refrigeration system, and the combination SVM/Hal. To support this heavier payload, larger fuel 
tanks and solar arrays are also required. The total Option HI weight is estimated to be 2974kg, 
which is 372kg heavier than Option II and 812kg heavier than Option I. The Atlas HAS has a 
launch to Geosynchronous Transfer Orbit (OTO) payload capacity of 3490kg, resulting in a very 
adequate "start of program* margin of 516kg. 

1 . 23.6 Option HI - Summary 

The underlying premise for the Option HI system is to meet NOAA core requirements mid as 
many optional and enhanced requirements as feasible within the constraint of making only 
evolutionary changes from existing system designs. Adhering to the evolutionary theme, the 
largest size of the same launch vehicle line was used as was the same spacecraft icccjunendcd for 
Option H, the Hughes HS6C1 with its optical bench concept. As seen in figure 133 , the only 
visible changes from the Option H spacecraft are a lager solar array and a modified optical beach 
to hold three instead of two earth observing instruments. Internal to the spacecraft, the major, yet 
evolutionary, changes are larger foci tanks, larger batteries for eclipse operation, aid more 
electronics for increased power and data handling. The control system remains essentially the 
same as in Optic? ll. 

With the exception of the primary imager, all the payload items of Option H are included in the 
payload of Option HI. Also included in the Option HI payload are the additional or auxiliary 
imager (which oould be an Option I or Option 0 imager) and the combination SVM/Hal. The 
Option III sounder retains the same general concept and configuration as the Option H instrument 
except it has slightly smaller diameter optics (easier to build) and a mechanical cooling system 
(naider to incorporate) in lieu of a passive cooler. By far, the most important change over Option 
T is in the primary imager concept The Option HI imager, while a new concept and not flight 
proven, was chosen not only to improve performance, but to be easier to build, align, and 
maintain alignment in the space environment For these and other reasons, the new imager 
concept can also be considered an evolutionary improvement As in the case of Option II, 
modifications will have to be made to the spacecraft communications system to handle the 
increased data rates. This will require corresponding changes to the ground system, which will be 
very modest. 

The effect on risk of implementing the Option III concept will be higher than the previous 
concepts. The new imager, sounder with refrigerator cooling, lightning mapper, and combination 
SVM/Hal are not developed for a geosynchronous environment and, therefore, significantly 
increase mission risk. Perhaps the largest contributor to risk is the unknown effect on controls 
and INR performance of the 

dynamic interactions among the mechanical refrigerators, multiple moving mirrors, and solar 
pointing platform mechanisms. In any event, if the Option III concept is properly researched, 
developed, scheduled and funded, it should result in significant performance gains over the present 
systems. 
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7.2.4 Feasibility, Risk, and Schedule Summary for Options 1, II, and III 

Table 7.2.2 provides a summary of feasibility, risk, schedule, cost, and performance assessments 
for. 

• A replicate of GOES I-M in the GOES-N time frame 

• Option I 

• Option II (with and without prior R&D) 

• Option III (with and without prior RAO) 

• A replicate of GOES-7. (NOTE: The GOES -7 Replication study is contained in a 
separate report.) 

7.2_5 Options vs Schedules 

Figure 1 . 2 & shows a proposed schedule of activities related to Phase-B, it includes: 

• NOAA option selection (hybrid; I, D, or III; or Atlas) 

• Focused Pbasc-A studies 

• NASA Phase-B support during transfer 

• NASA Phase-B procurement 

• NASA Plrse-B 

Figure 7.2.9 shows an overall schedule to launch of GOES-N which indudes time provisions for 
many of the issues under consideration; 

• Engineering models of instruments 

• Engineering models of spacecraft subsystems 

• Protoflights (instruments aid spacecraft subsystems) 

• Phases-A and B for select instruments 

Figure 7.2.10 is a preliminary schedule for the simpler Option I configuration which is an 
extension of the GOES I-M configuration with improvements based on current I-M status and 
state-of-the-art technology. 
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* OPTION II & III ARE NOT RECOMMENDED WITHOUT PRIOR R&D 
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1. Output includes ICD (instr. spec., S/C subsystem definitions), instrument 

selections (e.g. rounder type), and down-select criteria 

2. RFP complete 




Figure 7.2.9 

OPTIONS II OR III DEVELOPMENT 
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73 "Unmet” Requirements 

Subject to study constraints (Figure 7.3-1) aid for a variety of other reasons, not all of the 
NOAA requirements could be met by the various Options (1, 11, and III). Tables 73-la and 73- 
lb contain assessments of the unmet requirements as a function of Options 1, 11, or HI. Figures 
73-2a through e present the reasons why the study team concluded that these requirements could 
not be met. 

73.1 "Unmet" Image Navigation and Registration (INR) Requirements 

The projected INR pe.formances for the Option 11 and III systems sue similar, with the system 
performance differences primarily due to improved thermal and structural performances brought 
about by a redesign of the imager and the use of a material with a low thermal coefficient of 
expansion (e.g., GFRP). The contributions from the individual error sources are all about the 
same magnitude As a result, even if it were possible to provide a major improvement in one or 
two of the error sources, this would not result in an overall improvement that is anywhere near 
the 14pr desired performances. However, each error source has been reduced to the greatest extent 
possible by the selected system approach and design. 

Future improvements will require an R&D effort to develop an integrated instrument and control 
system. An approach that has the potential to provide the desired performance is discussed in 
Section 10. This approach continually senses a ground based signal to determine the real time 
pointing error, which is then used to instantaneously correct the pointing. In effect this is an 
adaptation of the methodology used on current staring systems (e.g., Hubble Space Telescope 
(HST)) to an image scanning system to achieve the desired pointing performance. 

The projected registration performances were obtained by extrapolating both the performance of 
current systems using star tracker/gyro control subsystems and the performance of a redesigned 
GOES-1 instrument/servo. To account for unknown error sources anttyor optimistic performance 
assumptions, a SO percent margin was added to performance projections. These projections for the 
Within-Frune and Frame-Frame registrations are now recommended as the values to be used in 
subsequent GOES-N studies. However, as discussed in Section 10.1.1.2, future GOES-1 flight 
experience could result in the need to reassess the current registration performances estimated 
herein. 

The Core and Opriou/Enhanced INR requirements and expected performance are summarized in 
Table 73.-la. As discussed in Section 10 and Appendix C, and shown in Table 73.-la, the 
within-frame and frame-frame registrations cannot be achieved for the option or the enhanced 
requirements by any of the three options. 
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TABLE 7.3-1* 

UNMET NOAA REQUIREMENTS VERSUS SPACECRAFT OPTIONS 
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REASONS FOR UNMET NOAA REQUIREMENTS 
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8.0 


CONCLUSIONS AND RECOMMENDATIONS 


8.1 Scope of Recommendations 

As a consequence of this study, various recommendations emerged that could be grouped into 
three main categories. These are: 

1. Programmatic level recommendations (Section 83) that influence the overall system, 
spacecraft subsystems, sensor payloads, and ground operations and data handling systems. 

2. Studies recommended for completion prim to commencing Phase-B (Section 83). Many 
of these are within the original scope of the study but were not completed because of 
resource limitations. Also included in this category are new studies, not originally 
designated, the need for which surfaced during the course of the study. 

3. System level recommendations (Sections 8.4 through 8.10) apply to spacecraft systems and 
subsystems, instruments (imager, sounders, SEM, DCS, S&R, and WEFAX), and ground 
systems including command, control, and data handling, (receiving, processing, 
distribution, user downlinks). Most of these studies are described in greater detail in 
Sections 9, 10, and 11. 

8.2 Programmatic Level Recommendations 

8.2.1 Recommended: Supporting NASA Research for Operational Environmental Missions 

Evolving national needs for weather forecasting, meteorological and other atmospheric science 
measurements, and remote sensing from space in general are periodically translated by NOAA 
into requirements for geosynchronous earth orbiting GOES -type missions. The 1983 NWS and 
1989 NOAA requirements were used as a bass for defining the GOES-N series configurations 
(Options L U. end HI) described in this report In both cases, GOES I-M and GOES-N, 
satisfying NOAA requirements resulted in the need to specify instruments and some spacecraft 
subsystems that had little if any prior research heritage and no prototype flights previously 
conducted by NASA. The inherent risk of utilizing space hardware with no prior proof of flight 
worthiness is high and seems inconsistent with any operational space system. 

The reason for this is that NASA terminated its research satellite and operational satellite 
improvement program in support of operational NOAA missions more than a decade ago. Also, 
in 1982 the NASA NOAA satellite improvement research program was canceled. The 
cancellation of Operational Satellite Improvement Programs (OSIP) was only the smallest and 
final part of f’.e NOAA support that NASA stopped. The first step was the termination of the 
Applications Technology Satellites (ATS) which actually occurred in the early 1970s. The final 
ATS was flown in May 1974 (ATS -6). Then the decision was made at about the same time not 
to support future prototype operational satellite development using NASA funds (e.g., SMS). It is 
also worth remembering that these types of decisions also affected the low orbiting series (Nimbus 
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and TIROS-N were the final members of those series). All these NASA policy decisions 
regarding research and operational prototype satellites were made not long after the 1973 
NASA/NOAA agreement was signed stating that NASA had the responsibility to support and fund 
these satellites. Finally, OSIP also supported the entire operational program, not just the 
geosynchronous satellites. 

The Advisory Committee on the Future of the U.S. Space Program (often referred to as the 
"Augustine Committee") in late 1990 recognized this situation and recommended that NASA re- 
institute an ongoing program of research to support these operational environmental missions. In 
January 1991, the NASA administrator announced that he would implement this committee's 
recommendation. 

The recommendation described in this section is precisely that of the Augustine Committee and is 
in exact compliance with the NASA favorable response. Specifically with regard- to GOES-N, the 
recommendation implies on-going NOAA oriented sensor research and technology development 
programs within GSFC accompanied by protoflights of advanced systems that precede flying these 
on NOAA operational missions. Based on a successful prior history (1960-1980) of a coupled 
research-operational approach, the implementation of this recommendation is almost certain to 
reduce cost, risk, and schedule uncertainties and result in satisfying newly emerging NOAA 
requirements on a continuing basis. 

Results of the cost analyses contained in Volume 3 of this report indicate that the recommended 
research - operational sequential program for NOAA satellite will result in the benefits described 
above. In Volume 3, the RAO defines "Business as Usual” and "Preferred Strategy” approaches 
for GOES-N. "Business as Usual" represents the operational program under which the current 
GOES satellites are constructed. This is an extremely high risk approach for developing 
GOES-N as it does not allow for the research and development work necessary to achieve the 
technological requirements of the GOES-N satellites. Hence, this program is not recommended. 
The "Preferred Strategy" centers about preliminary research and development programs for the 
highly sophisticated sensors and spacecraft in the Options 1, II, and III described in Section 7. 
Under this scenario, an initial investment of about 5 percent of total program cost is specifically 
allocated for research and development work in the first 3 years for Option I and the first five 
years for Options II and III. 

This initial investment will allow for the development of the GOES-N state-of-the-art sensors 
and spacecraft. It will result in extending the life and increasing the reliability of the GOES-N 
series. The final reason for recommending the "Preferred Strategy” is that cost savings of about 
25-40 percent will also be realized. 

8.2.2 Recommended: Project Procurement of Instruments 

It is recommended that instruments be procured by the NASA project office directly fiom 
instrument sources instead of via the spacecraft contractor. NASA should arrange for in-house or 
off-site acceptance level environmental tests of each sensor. This recommendation is one 
successfully followed on most GSFC space science missions, past and current. It places the 
responsibility for instrument Phase-C/D’s in the hands of qualified contractors and the NASA 
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project office. The spacecraft contractor remains responsible for defining the interface 
specifications, sensor integration into the spacecraft, and total system level environmental 
acceptance tests. The spacecraft contractor is freed of possible allegations of "conflict of interest" 
when responsible for both the host carrier and the payload. The NASA project office is 
understandably more unbiased in assessing schedule delay and cost overrun sources. This 
recommendation applies to all elements of this section as a general consideration. 

8.2 3 System Configuration Recommendations 

We should assess the benefits of flying spacecraft in a constellation that has 3 elements. An 
imager bus east and west, and a single sounder bus. Navigation will improve for the imager 
spacecraft The sounder spacecraft can reduce the risks/impacts of bringing the new sounder on- 
line. The sounder spacecraft may even cany the auxiliary imager for full disk data support In 
this scenario, the spacecraft can now remain within the Delta envelope and yet carry instruments 
that have grown physically to provide enhanced capabilities. This system may cost more, but 
there is a robustness that may warrant the expense. 

83 Studies Recommended for Completion Prior to Initiating Phase-B and their Categorization 

Of the eighty-one (81) studies originally defined as necessary to accomplish in order to complete 
the GOES-N study, about half were deferred due to the descoping discussed in Section 2.0. As 
the study approached its conclusion in the September-November 1990 time frame, re-examination 
of these studies indicated that some of them could be eliminat ed. Over the same time period, 
additional studies, primarily oriented towards better definition of the developmental instruments 
(e.g., imagers, sounders), emerged as being important to the study. As the analysis of the 
GOES-N system proceeded, several key studies were also identi/ed as requiring further pre- 
Phase-B effort Sections 8.4, through 8.10 contain additional studies recommended, arranged by 
subsystem or sensor. 

8.3.1 Recommended Pre- Phase-B Studies 

1. Assist in the technical revi-w of NOAA requirements for the GOES-N Phase-B study: 

This may be v : *wed as advising as to the technical implications and/or feasibility of proposed 
operational requirement specifications, accepting NOAA direction as to content of the NOAA 
requirements document for GOES-N, and drafting a final requirements document for submittal to 
NASA prior to beginning Phase-B. 

2 Resampling: 

Based on the results of a number of study efforts, it appears that ground resampling will 
significantly mitigate alignment problems and navigation/registration demands on spacecraft 
equipment. NWS is expected to have a requirement in the GOES-N time frame to remap sectors 
of GOES data in real time and distribute it via ground communications to the field centers. This 
recommended effort will evaluate the overall system required to achieve the current specification 
performance and desires at the output of the resampler/remapper. The initial effort in this area is 
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to develop a quantitative estimate of potential gains from resampling in terms of risk, cost, and 
performance. Trade-offs between resampling/remapping algorithm complexities and output 
performance would be assessed, as well as the impacts on the instrument design in areas such as 
increased Modulation Transfer Function (MTF) requirements. Interrelationships of the resampling 
and remapping requirements, as they impact optimization of overall system performance, should 
be addressed as well as the impact on ground processing. 

3. Solar viewing platform stabiFty: 

A dynamic model of the solar anay yoke and bearing assembly and the burdened single axis 
positioner should be analyzed to demonstrate the dynamic stability and poir’ing accuracy of the 
solar viewing platform and its impact on earth viewing instruments. It is extremely important that 
this be done prior to release of the Phase-B Request for Proposal (KFP) to fully establish the 
compatibility of the solar viewing and earth viewing platforms. The effort should, include: 

a) Develop a two body bearing assembly NASA Structural Analysis Program (NASTRAN) 
structural model and define mode shapes and frequencies 

b) Perform servo analyses of control loops for servo positioners in azimuth and elevation and 
determine stability margins and pointing performance 

4. Option U sounder 

The Option II sounder with the passive cooler should be designed to allow in-flight selection to 
provide trades between coverage rate, completeness of coverage (fill factor), spectral resolution, 
and NEAT in the various spectral bands. A Phase-A study is recommended which includes a 
detailed analysis of the technical feasibility and limitations of these trades with the objective of 
providing a passively cooled advanced sounder with a useful level of sounding performance for a 
mode in which a 3,000 x 3,000km area is covered in less than an nour for routine coverage as 
well as having available high performance modes for detailed assessments in limited areas. 

5. Optical instrument layouts: 

Phase-A studies of the principal new optical instruments are recommended to provide confidence 
in the technical specifications for a Phase-B system RFP. Such studies should be conducted for 
the imager, the high-spectral lesolution sounder and the SVM/Hal, if appropriate. 

6. Continuous stationkeeping: 

Continuous stationkeeping, to maintain orbit inclinau.ui even lower than 0.1 degree, now appears 
highly desirable for the fundament?! reasons of reducing (1) alignment problems and (2) 
navigation and registration demands on spacecraft equipment. This is also a potential alternative to 
the resampling of Item 3 above. This study was proposed as an efficiency measure at the outset 
of the study as a means of avoiding the spacecraft downtime associated with stationkeeping 
maneuvers, but was not funded. The study should address: 
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(a) Fuel usage impact as a f on of maximum allowable inclination and along track drift. 
(b> Impact to spacecraft orbu ^tenninatioa (position error) as it contributes to navigation 
error. 

(c) Frequency c maneuvers required as a function of maximum allowable orbit inclination. 

(d) Parametric relationships between stationkccping error and cm rs for various sized focal 
planes. 

7. Orbit d.ennination: 


A major source of error in the INR performance is the determination of orbit and attitude. This 
effort would evaluate the improvement in navigation/registration performance from better 
determination of orbit andfor attitude (O/A). An assessment of the likelihood of achieving the 
required O/A errors using Deep Space Network (DSN) information, andfor multiple ranging sites 
with and without a GPS based tuning system would then be prepared. 

8. Instrument materials: 

Provide further refinement on the advantages of using materials such as beryllium and GFRP for 
the instruments as a means of improving registration performance. Ibis effort is to result in an 
assessment of different design concepts employing these materials and the resulting expected 
improvements on the location of structural nodes and thermal deformations. 

9. Search and Rescue position determination: 

Develop a spacecraft option incorporating the capability for position location for the S&R 
subsystem with accuracy of 60-1 00km. S&R position determination is not included in Options I, 
II, or III. 

l r Star acquisition: 

Evaluate actual sta r locations to determine the minimum star magnitude required to ensure a 
99.7% probability of having a star in view of two of the three star trackers at all times. Noise 
Hqui v alent Angle (NEA), FCV, and actual star availability (not probability) would be determined. 

11. Control system simulations: 

Provide additional simulations to determine the performance of control systems based on 
improvements resulting from the additional control studies. 

12. EPS extension: 

Energy deposition analysis for heavy energetic ions in the existing EPS dome and telescope 
detectors should be performed to confirm the feasibility of the approach and to establish 
preliminary thresholds for the discriminators. 
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13. Electrostatic analysis: 


The spacecraft electrosta t i c potential distribution shook! be modeled in typical synchronous orbit 
environments using a program such as NASA Charging Analyzer Program (NAS CAP) to map the 
energy/spatial domain at the soft particle spectrometer detectors to that outside the spacecraft 
sheath. Electrostatic analysis can be deferred to Phase-B. 

14. Grotmd system: 

The ground system should be studied to assess the imparts of various Option 0 and Option 01 
spacecraft configurations, including use of commercial systems for *GVAR* data distribution. 

This study should include estimates of the expected GOES-N products (e.g., type, coverage, 
frequency, etc). Also, the benefits of advanced workstations should be explored. 

15. Communications- 

At the fourth quarterly review. Mr. Larry Heacock of NESDIS informed us of impending 
negotiations to move NOAA out of S-band (in particular, the 2025-2035MHz band) to a higher 
frequency band. Subsequent convers a t i ons with Mr. lames Fisher (NOAA frequency 
management) confirmed that st ate me nt Such a move, if implemented, will take place in the 
GOES-N time-frame and will have a significant effect on spacecraft configuration and the Radio 
Frequency (RF) ground system. It is i mportant for the GOES-N study team to develop spacecraft 
options that use X- or K-band frequencies. Such a study would provide NOAA with an estimate 
of the cost of making this transition. NOAA is expected to need such an analysis for use in the 
negotiation process. 

The need for the Wallops Island phase of the program needs to be reassessed as wdl as the need 
for the GOES satellites to serve as their own communications satellite, once the data have 
undergone initial processing. The data stretching phase needed in tbs current program (e.g., 
GOES-7) certainly is altered for GOES-N (this is true even with GOES I-M), and, with powerful 
new three axis stabilized communication satellites coming on line in the 1990’s, there is a question 
whether GOES should re-brradcast data and products or whether this should be done via new 
commercial satellites. 

16. Minimization of "l/f instrument noise 

Stuoy bow to least minimize '1/f noise of imagers and sounders or three axis stabilized 
platforms in GEO. 

8.3.2 Categorization of recommended studies (Refer to Appendix 6A) 

The original list of unfunded studies and new ones defined as recommended were categorized as 
follows and shown in Table 8.3-1: 
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1. RFP technical re qui rements: 

A recommendation for GOES-N is lo deafly specify in the RFP that non -compliant proposals 
will be rejected, hems that require compliance include provision of a safe-bold in-orbit mode 
(SC8) and the capab i lit y to test flight instruments at spacecraft levels in an am bie n t env iro nment 
(SS39). 

2. Design specific 

These ate studies which are most logically p erformed daring Phase-B when a particular design 
approach has definitely been adopted. This effort would not be as productive in a Phase-A 
e n vironment where design a pp roa ches are modi more tentative and therefore, dcfenal is 
recommended. 

3. Included in Transition Phase-A/B: 

These are studies suggested a> whole or in part as part of Transition Phase-A/B recommendatiocs. 
The list is broader in scope than the original set of unfunded studies. 

4. New wort: needed: 

These are efforts perceived as re q uired to "complete" the original stndy. The list is not 
ex hau st iv e , since it only addresses studies that were in the sttawman list at the be gi nni ng of the 
study, h incl u des all applicable studies recommen ded as part of transition Phase-A/B. 

5. Abandon: 

These are studies which should be abandoned because they now appear to be out-of-scope or 
directed at approaches which are not compliant with NCAA's stated guidelines (e_g^ reducing the 
number of sounding channels frorr 19 to 14). 

6. Partial treatment: 

Several "unfunded" studies were investigated to some extent during the course of the study 
because investigations naturally cd to their coosideiatioo- 

7. NOAA input neede d: 

These are studies which are substantially completed and where next steps are dependent on 
NOAA’s assessment of study results. 
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8.4 


Sensor System Recommendations 


8.4.1 Option I Recommendations 

1. Option I Imager - Qoad Sm ea rin g Specification Change: 

The analysts showed that it is not possMe to meet the requirement that the o u tp ut must reach 
98% of its final value within a dfatance of 1 IPOV. Instead the r equirem ent should be restated in 
terms of ground distance For gantfc, the o utput should teach 98% of its final value within a 
scan distance of X kilometers When stated in Ibis way, an a pprop ria te co m b inati on of detector 
size, optics, and fihcrmg could be chosen to satisfy the r eq uir ement. 

2. Option I hnagrr - In-Flight Channel-to-Cbaimcl Aligpmcr* and Te mp erat m e 
Stabilization: 


h is iccommended that the a& optics be te mp eratme stabilized to avoid the possfoflity of dhtmal 
drift b et w een chanod r at wM s in the various spectral bands. This change could be incorporated 
with likely n eg l i gib l e impact to the spacecraft interf a ce, and may ultimately be required to 
approach the specified p e rfor ma nce requirements for cbannd-to-channel co-regjstratioa- In 
addition, it will have in-flight visfole to IR adjustm ent capability and p erh a p s te mp e ra t ur e 
stabilization of the relay optics containing the IR beam splitters. This will lead to the improved 
p er fo rm ance. 

3. Option I Imager - DC Restoration on Every Available Space Look 

Overall image quality and calibration accuracy can be u nproved by DC restoring on every 
available space look, rather than at two minute intervals as was planned on GOES-L This will 
significantly reduce the effect of 1/f noise, and is recommended for the Option I imager. For 
sectors that do not see the edge of the earth, some space looks at a regular interval will still be 
needed. 

4. Option I Imager - Elimination of Discontinuities in IMC Signal: 

The AOCE software must be modified to eliminate discontinuities in the IMC signal during scan 
turn-around. It is assumed that this modification will be incorporated at some point in the 
GOES I-M p rog ra m, ft is also assumed that at some point in the GOES I-M pro gram a stable, 
full time Coherent Error Integrator will be developed. This may be necessary to achieve within 
frame registration requirements at end-of-life. 

5. Option I Imager - NEAT Improvement by Changing the Astromast Coating: 

Improvement-of the NEAT for the imager through lower focal plane temperature should be 
achievable in Option I by simply changing the surface finish of the Astromast boom to a specular, 
low emissivity reflector. Analysis shows that this change alone results in a focal plane operating 


123 



temperature advantage of nearly 10K to a control temperature of about 92K for either the imager 
or the sounder. Performance modeling for the imager in this report has been done only at the 
85 K. control temperature expect for Options 11 and 111. For the detector noise limited 
performance expected, the 92K control temperature would result in improved NEAT at all 
wavelengths, potentially by a factor of 25 relative to GOES-1. 

0. Option I Imager - Channel - Channel Alignment Daring Thermal Vacuum Tests: 

Although they were not identified as funded cost-catting or efficiency studies early in the 
program, several suggestions have arisen during the coarse of the program that should be 
incorporated in the GOES-N imager. Throe are disc u ssed in Section 7, and include improved 
procedures for a cco mp lishing channd-io-channd alignment in instrument level thermal vacuum 
test through remote adjustment mechanisms and potential use of flex pivots in the east-west scan 
axis. 

7. Option I Imager - Comprehensive Thermal Model Required: 

An analysis was pe r formed to determine the thermal gradients in the sunsfairid and the heal inputs 
into the scan minor as the length of the sun-shield is in c rea sed. It is difficult to draw coodushms 
from these results without knowledge of the thermal performance of the GOES-13.K scanner. A 
detailed model of the sea" minor and the elements in the scan cavity is needed to assess the 
effects of changes in the length of the sonshidd and in its external surface properties. 

8.4. 1.2 Option I Sounder Recommendations 

In keeping with the coocept of the Option I spacecraft system as a minimal cost approach to 
GOES-N, changes to the spacecraft and instruments from the GOES-I configuration are limited - 
to those for cost andfor efficiency i mpro v em ents and those instrument modifications offering 
significant perform nee benefits without significant imract to spacecraft interfaces. The Option I 
sounder design concept is, therefore, identical to GOES-M. 

1. Option 1 Sounder - NEAN Improvement by Changing the Astromast Coating: 

Significant improvement in the sounder to improve the NEAN is limited by the focal plane 
temperature, which can be significantly lowered within the coocept of a low cost, minimal impact 
system by simply changing the external finish of the Astromast solar sail boom as described in 
Sections 9.1.1 and 9-53.1. The same magnitude of performance gain as for the imager can be 
realized through this means, and a focal plane temperature of 92K should be realizable. 
P'lfonnaoce has oeeo modeled only at the 85K temperature to be obtained with Option II and the 
65K expected with Option III. 

2. Option I Sounder - In-flight Channel-to-Channe! Alignment and Temperature: 
Stabilization 

Co-registration of the sounder channels to (he stringent requirements of R025 remains a major 
problem for GOES-N, as discussed in Section 9.4.13. It is recommended that improved means 
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of alignment and oo -registration of the sounder channels be developed for all spacecraft options, 
as discussed in Section 9. 4. 1.3. 

3. Option I Sounder - Sounder Go-registration: 

The GOES I-M sounder can be modified to improve co-registration performance without major 
changes to the sensor. 

One modification would be to slow down the filter wheel by about 10% and increase the time 
allowed for the seal minor to step and settle from 28 milliseconds to 38 milliseconds. This could 
reduce the motion of the line of sight during the time soundings an being measured from about 
10pr to less than 7 § u which causes misregistTatioa of the sounding diaimds relative to the 
window channel. This would keep the south-north coverage c'.’.* sounding channels unchanged 
but will increase the time required to cover a given area by 10%. This will also amplify the 
fabrication of die sounder by allowing some redaction in the required performance of the cast- 
west servo of (he sounder. 

4. Option I Sounder - Go-registration Verification In-Orbit 

The edge of the moon can be observed in the visible and sounding channels and used to verify 
co-registration in orbit The moon has au albedo of about 0.07 to 0.1 and would be (Greedy 
compatible with the (risible and star sensor detectors. The sunlit portions of the moon reach 
temperatures of about 400K; thus, for the IR sounding channels, it will be necessary to 
incorporate a system to reduce the gain and to avoid saturation when observing the moon. With 
these design features incorporated, Ii should be possible to check the co-registration of the 
sounder in flight 

Another modification would be to temperature stabilize the aft optics beam splitting assembly to 
minimize diurnal and seasonal temperature variations which cause the 3 spectral bands to change 
their relative alignments. 

5. Option I Sounder - 1km Visible for Cloud Clearing: 

The GOES I-M sounder could be modified to provide cloud detection with 1km IGFOV visible 
detectors. The preferred approach is to use an area array of detectors (probably a Charged- 
Coupled Device (CCD)) to detect the douds. The focal length of the sounder telescope is about 
3.56 meters, which would require detectors 100pm on a side to provide a 1km IGFOV. 

6. Option I Sounder - Areal & Single Pixel Sounding Clarification Needed: 

This study has not addressed an error analysis for the retrieval process nor selection of optimal 
cloud clearing algorithms for control of those errors. Thus, there has been considerable discussion 
as to the correct interpretation of requirement RC28, which requires a sounding for a 60 x 60km 
area using 9 "clear" IFOVs, and R028 which requires a "single" IFOV sounding. 
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8.4.2 Option II - Recommendations 
8.4.2. 1 Option il - Imager Recommendations 

1. Optioo U Imager - Cloud Smearing Specification Change - Same as Option I: 

2. Option II Imager - In-flight Channel -to-Channei Alignment mid Temperature 
Stabilization - Same as Option I: 

3. Option II Imager - NEAT Improvement by Eliminating the Astromast and Annual 
Spacecraft Flip: 

The elimination of the solar sail will improve the instruments' passive cooler operation ami 
improve NEAT. Refer to Section 8.4.2^ for further discussion on performance improvements 
realized by removal of the Astromast 

4. Optioo II Imager - INR Performance: 

The improvement of system INR performance will result through a zero momentum, stellar 
referenced spacecraft attitude control system (Section 10 contains details of these changes). 

5. Option II Imager - Addition of Two Uncooled Bands to Option I Imager: 

Changes to the GOES-I imager were limited to those that could be incorporated at modest cost to 
provide some of the additional performance requested or to provide significant performance 
improvement. The design concept was, therefore, not changed. Those additional channels 
requested by NOAA which can be realized with uncooled detectors, Le., the 0.86pm channel 
(Si detector) and 1.65pm channel (InGaAs detector), a.e added because that change does not 
impact cooler design mid performance and has relatively small physical impact oo the instrument 

6. Option II Imager - Optical Encoder Replaces Inductosyn: 

In the area of pointing performance of the instrument, the studies indicate that the single most 
productive change, short of a complete structural redesign of the instrument, is incorporation of 
optica] encoders in lieu of the inductosyns used in the GOES-I scan mechanism. The Option II, 7 
band imager will have 3 inch optical encoders to improve the pointing accuracy. 

7. Option il Imager - In-flight Visible to IR Alignment and Temperature Stabilization: 

There will be in-flight adjustments of the alignment of the warm focal planes, the relay optics 
will be redesigned to improve stability, it will he temperature stabilized, and some supporting 
structures may be changed to improve stability. 
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8.4.2 2 Option II - Sounder Recommendations 

The Michdson approach was selected as the basis for determining size, weight, and power 
projections for the advanced sounder. Because there are problems with extension of the AIRS 
grating technology to geosynchronous orbit, it is not recommended. The principal reason for 
selecting the Mkhdsoo over the Fabry-Perot is the requirement for contiguous spectral coverage, 
which is very difficult to satisfy with Fabry-Perot technology. Should reexamination of NCAA's 
requirements lead to a much more restricted set of narrow spectral bands, which can be defined in 
advance, the question of the Fabry-Perot versus Micfadson approaches should be reconsidered. 

The Option D rounder was configured to use a passive radiator with a reduction in its area 
coverage capability. To help the Option n sounder have better performance, we have increased 
the aperture from 30cm to 35cm. 

1. Option n Sounder - Sounder Phass-A Study: 

A Pbase-A study of the sounder should be conducted prior to Phase-B. The purpose is to 
develop a data base which is sufficient to prepare the RFP and to prepare staff to monitor the 
competitive, parallel Phase-B sounder studies. At this point, the in-house irrformaUon/knowiedge 
base is inadequate to initiate a good Phase-B business arrangement with industry. 

2. Option II Sounder - Co-registration Specification Change: 

The sounder channd-to-channel or co-registration requirements, identified as RC25 for this 
study, were defined by NCAA as a core requirement to have the centroids of the Spatial 
Weighting Function (SWFs) for the various spectral channels matched to 2% of total IFOV width 
(lo) and the half-power SWF channel widths matched within 1% (lo). The initial a ssessment of 
unmet NOAA requirements versus spacecraft options that was presented at the GOES-N Study 
Final Review presented a predicted centroid matching to lOpr performance for all 3 options versus 
the 2% or 4.5 pr requirement and a half-power IFOV of 20pr for all three options versus the 1 % 
or 2.2pr requirement 

This specification can be rewritten so that the window channel in each band (long, middle and 
short wavelength) is the reference of registration. Thus, "the channel to channel registration for 
each channel within each band with respect to the window channel in that band must be such that 
the radiometric response centroids shall be within ± 2% of the total FOV width «nd that the half 
power FOV channels widths shall match each other to within the diffraction limit" 

This is a significant modification of the requirement and, if accepted by NOAA, should make it 
feasible to match the centroids to the 2% required on the Option II and Option III sounder. 
Problems in making measurements of the width of the 1/2 power points of the FOV will preclude 
validation of performance to 1 %. 

3. Option 11 Sounder - Study to Verify Need for Contiguous Spectral Coverage from 3.9 - 
15.5pm: 
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The highest priority change in instrumentation for GOES-N is the development of a new infrared 
sounder that has the projected potential to provide 1km vertical resolution in the troposphere with 
IK temperature accuracy. The characteristics of this instrument have been defined as needing 
OJcm' 1 spectral resolution in the 15.5pm (660cm' 1 ) spectral region with consistent high spectral 
resolution of 2.5cm' 1 in the 3.9pm (2564cm* 1 ) spectral region . The spectral coverage has been 
enunciated as requiring contiguous spectral information over the entire spectrum. Additional work 
is required to verify that this last criterion has a good science basis. 

4. Option 0 Sounder - Signal Processing Studies: 

There are certain aspects of the signal processing impacts of the Michelson approach that have not 
been investigated. The experience with the aircraft instrument is inadequate to document the true 
characteristics in an operational environment. Because of tire substantial difference in extracting 
radiance data from an interferogram and the concomitant increased focal plane performance 
requirements in the areas of linearity and dynamic range for die Michelson, careful engineering 
and management decisions are needed to folly understand the areas of risk associated with 
selecting this new technology for an operational system. In addition, a detailed assessment of data 
processing requirements and impacts should be initiated. It is probably desirable to have an 
independent entity take the proposed retrieval algorithm and verify the accuracy of the technique. 
If no algorithm exists, development should begin. 

5. Option II Sounder - Design and Breadboard of Critical Components: 

With regard to the new sounder, it is recommended that NASA immediately begin the design and 
breadboard of critical components (e.g., laser position devices, focal planes, coolers, etc.). 

6. Option II Sounder - Contemporaneous Cloud Gearing Data: 

Contemporaneous visible data at 1km IGFOV can be included in tire sounder, but 
contemporaneous IR is not recommended for an instrument using a passive radiator. 

7. Option II Sounder - Aft Optics Design: 

As discussed in Section 9.3.3, further analysis is required before committing to the aft optics 
design based on the GOES L/M HSRS feasibility study. The performance of an alternate design 
replacing the common field stop with individual field stops in each focal plane but retaining the 
in-flight adjust mechanisms and thermal control of the aft optics should be evaluated in light of 
the reduced emphasis likely to be placed on band-to-band co-registration. This evaluation 
should include an optical layout to demonstrate that the adjust mechanisms recommended in any 
cose can be physically incorporated within a reasonable aft optics volume. 

8. Option 11 Sounder - Foreoptics Design: 

This study has not addressed alternatives to the foreoptics design presented here. There are 
potential advantages to an off-axis, three minor type foreoptic which may far outweight the 
larger volume which would be required relative to the Cassegrain foreoptics. The principal 
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advantage is that direct illumination by sunlight of the secondary mirror suspended on a high 
thermal impedance spider is avoided, significantly easing the thermal design problem for three- 
axis stabilized spacecraft. Second, the extended FOV of such designs is potentially considerably 
better than that for Cassegrain or Gregorian systems, easing constraints placed on focal plane 
technology. Third, the unobscured optics will result in less diffraction for a given optical aperture 
than for the obscured Cassegrain. Further study should be earned out to select a preliminary 
design for the three mirror foreoptic and to determine the relative advantages of thes; two 
approaches. 

9. Option II Sounder - In-flight Band-to-Band Alignment and Temperature Stabilization: 

The in-flight band-to-hand adjustment mechanisms, recommended in any case, become 
mandatory with the approach described in Section 933 , also thermal control of the aft optics to 
improve band-to-band co-registration, is required. 

10. Option Q Sounder - Fast Fourier Transform Performed on Ground: 

The baseline signal processing approach is to send the digitized interferogram to the ground 
without performing any in-orbit signal processing such as the Fast Fourier Transform. The 
communication subsystem can accommodate the required data rate within the existing spectrum 
allocatfon, albeit at some increase in power requirements. It is the study team opinion that unless 
there is overriding need to put this processor in the satellite, better reliability will be realized by 
ground processing. 

11. Option II Sounder - 1km Visible for Cloud Gearing: 

An approach similar to the Option 1 sounder could be used to provide 1km IGFOV visible for 
cloud clearing for the HSRS used in Option II or III. The CCD array must accommodate the 
specific focal length of the telescope and IR array size used in the HSRS. 

12. Option II Sounder - Radiometric Performance Improvement by Elimination of Astromast 
and Annual Spacecraft Flip: 

To enhance the Option II sounder capability, the GOES-N spacecraft concept is designed to 
eliminate the solar sail parasitic heat into the passive radiator, and the spacecraft performs a semi- 
annual 180 degree yaw maneuver to keep the summer sun off of the cooler. These two factors 
allow a modestly sized cooler to be implemented that operates in the 85 K temperature regime. 

The elimination of the Astromast (solar sail) will improve the instrument passive cooler operation 
and improve the performance by lowering NEAT. The focal plane temperature modeled is 85 K, 
leaving quite a gap in performance against NOAA objectives. A 14 inch (35.6cm) optical 
aperture is incorporated to provide some compensation for the relatively poor performance. 
Increasing the collecting area is an expensive method of improving performance, due to the 
rapidly increasing weight penalty and the need to maintain optical quality and scan efficiency of 
the larger optics and scan mirror. Further increases in the optical aperture are not recommended, 
since they would severely stress the technology for this instrument approach. 
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It has been shown that the elimination of the solar sail and the incorporation of the half-yearly 
180 degree yaw maneuver discussed in Section 10 yields confidence that the 85K operating 
temperature used for performance modeling in Section 9.2.2 can be achieved. In fact, the study 
results promise that further work in the cooler area is justified to achieve even lower operating 
temperatures without resorting to mechanical coolers. 

From the work of Annable of ITT, the current GOES-I,J,K radiative cooler design should be 
capable of operating at a controlled patch temperature of about 75K without modification if the 
astromast is removed from the FOV of the cooler cone and if the spacecraft is flipped at 
equinoxes to prevent sunlight from impinging on the shield/housing radiator and into the cooler 
cone. From the work of Annable, an increase in the joule heating from added detectors in the 
advanced sounder can be accommodated by increasing the size of radiators by a comparable 
amount One may also want to consider the circular configuration of the radiators as proposed by 
Annable but without the rotating sunshield. Temperatures lower than 75K may be feasible, but 
further study is required to consider methods to reduce the heat inputs by conduction and radiation 
to the rear of the patch, radiator, and shield/housing. 

13. Option II Sounder - "Venetian Blind Coverage”: 

With the focal plane array of Figure 933 - 3 , for instance, a "vertical Venetian blind” coverage for 
IR pixels can be obtained by stepping the array in object space by three IGFOVs, rather than the 
single IGFOV used for contiguous coverage. IR spatial fill factor of 33 3 % will be generated, but 
the contiguous 1km IFOV visible data necessary for cloud clearing will be available in the 
background. Other possibilities are dearly available, depending on what combinations of sparse 
sampling modes are desired. 

14. Option II Sounder - Encircled Energy: 

Achieving the requested encircled energy fraction of 0.83 or better at all wavelengths implies 
optimal system performance for a 30cm aperture and essentially zero despace tolerance. This 
performance level can be obtained with margin given the larger aperture (35cm) and a suitable 
instrument thermal design contemplated for the Option II sounder. For the Option III sounder, 
even with a good thermal design, there is no margin for error due to its 30cm aperture. 
Consideration should be given to either relaxing the requirement for encircled energy to around 
0.80 at 1.25 IGFOV or encouraging the use of a larger aperture for the sounder. 

8.4.3 Option III Recommendations 

8.4.3. 1 Option III - Imager Recommendations 

The Option III imager, will be an all new design using a GFRP structure, a two mirror scanner, 
optical encoders, and cn extended focal plane. The two mirror scanner does not introduce any 
image plane rotation with scanning so that it is feasible to lay the detectors for the various 
spectral bands one after another (Figure 9.1.3— 1). Because of the w^e angular extent 
(approximately 0.15 degree) of the set of IR detectors the speed of the optical beam must be 
slower, typically with an f# of 2 or 3. This increases the detector noise, because larger detectors 
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must be used, but the layout allows for time delay and integration techniques by using more 
detectors along the scan direction for those few spectral bands that require better performance than 
can be achieved by a set of single detectors. This design also incorporates the spectral defining 
filters directly over the detectors and does not use any beam splitters. This increases the 
throughput so that more signal photons fall on the detectors and helps compensate for the 
performance loss due to detector size. The co-registration alignment then occurs primarily during 
the fabrication of the focal plane and in control of the telescope focal length and sample timing so 
that the improved co-registration can be achieved. 

1. Option III Imager - Imager Phase-A Study: 

A Phase-A study of the advanced imager should be conducted prior to Phase-B. The purpose is 
to develop a data base which is sufficient to prepare the RFP and to prepare staff to monitor the 
competitive, parallel Phase-B imager studies. At this point, the in-house information/knowledge 
base is inadequate to initiate a good Phase-B contractual arrangement with industry. 

2. Option III Imager - Passive Cooler Design: 

The addition of more IR bands to the imager will be a significant impact to cooler design. A 
detailed study is needed to quantify the required changes to add the additional IR bands. The 
study probably should address the performance with the solar sail still in the FOV as well as 
performance with the Option III spacecraft attitude control system. 

3. Option III Imager - Analytical Model: 

To insure that RFP performance levels are realizable, an analytical structural model of the 
advanced imager must be constructed and its thermal/structural stability evaluated. 

4. Option Ui Imager - Sunshield: 

Another improvement, extending the sunshade, does limit direct exposure to the sun, but more 
work is required to develop an engineering design that keeps the sunshade itself lrom being a 
major heat load into the aperture cavity. 

5. Option III Imager - Ground Resampling and Low Oibit Inclination: 

As discussed in Section 9.1.3, implementation of the advanced imager depends on maintaining 
low orbit inclination and/or ground resampling of the data for satisfactory performance. The 
corresponding study tasks were not performed as part of the study. The study cannot be 
considered complete in this respect until the system impacts of these requirements are evaluated. 

6. Option III Imager - Recommended Goud Smearing Specification Orange - Same as for 
Options I and U: 

7. Option III Imager - In-flight Channel-to-Channel Alignment and Temperature 
Stabilization - Same as Options I and II: 
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8. 


Option III Imager - NEAT Improvement by Eliminating the Astromast - 
Same as Option II: 

9. Option m Imager - Spacecraft Altitude Control - Same as Option II: 

10. Option III Imager - In-flight Co-registration Mechanisms: 

The R02 navigation requirement for the imager of 2km (3o) at 45 degree latitude corresponds u 
a pointing knowledge of 33pr (7 arc seconds) at nadir. Indeed, the thermal modeling of the 
instrument and spacecraft together shows that thermal effects give rise to diurnal pointing 
dislocations of the order of lOOOfir peak-to-peak, necessitating the assumption of day-to-day 
repeatability to enable image motion compensation for that effect as well as the effect of orbit 
inclination. Thus, the effect of diurnal variations in temperature gradients on pointing of a single 
IFOV in the GOES I-M system is quite large. As the aft optics design becomes^ more complex, 
the problems of obtaining and maintaining optical alignment become more difficult In this 
situation, depending on the susceptibility of a particular design and the requirements for co- 
registration of the multiple IFOVs, consideration must be given to the use of in-flight control 
mechanisms to compensate for the effects of the launch vibration environment and possible 
gravity release misalignments. Further, for differentiated optical systems, it may be necessary to 
employ precise thermal control to avoid diurnal or seasonally driven pointing errors between 
IFOVs. 

It is therefore recommended that an alignment mechanism be incorporated to provide for in-flight 
registration of the focal planes, and that the aft optics be thermally stabilized to prevent diurnal 
and seasonal misregistration effects. 

1 1. Option III Imager - Recommend Detailed Co-registration Study: 

Specific approach _s for co-regi: (ration of the focal planes have not been addressed in the study 
since detailed optical system designs have not been performed for the developmental instruments. 
However, several approaches might be employed. For simple adjustment of the lines of sight, a 
tilt control of reflective optics such as a fold minor in a particular optical path could be used, as 
was done in the TM design. Lateral shifts of such elements can also be used to obtain a single 
degree of freedom in image location. Lateral shifts of optical elements with optical power, such 
as a relay lens, present another possibility althoug 'he optical design is considerably more 
complex. Much more difficult would be a lateral shut of the focal planes, particularly where 
cooled detectors are involved. Mechanisms for implementation of the adjustments include "inch- 
worms", as used in TM, and motorized micrometers, as used in the enhanced TM. Further study 
of the application of such mechanisms to the developmental instruments for GOES-N is 
recommended for Phase-B. 

12. Option Iff Imager - Use of Zero Temperature Coefficient Materials: 

Improving operations around local midnight probably should be addressed by major changes in 
the design and materials selection used in the imager and sounder, as has been recommended for 
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bo<b advanced instruments. Ttacic have been estimates that total thermal distortion within the 
GOES -I imager could be reduced by an order ol magnitude through this change, but they have 
not been verified by analysis. 

The first significant change is the use cf near zero temperature coefficient materials and more 
efrident structural geometry to improve the pointing errors induced by diurnal thermal dtstortkn. 

In this manner the dynamic range of correction for these effects to be applied by the IMC 
subsystem can be greatly reduced More importantly, the ooc-rcpRatablc portion of the thermal 
distortion, which cannot be corrected, will also be reduced These changes are described in more 
detail in Section 10.4.1.3. 

13. Option 01 Imager - Extended Focal Plane: 

The second major change is the use of spatial separation of 01 spectral channels in a common 
extended focal plane rather than the separation by beam splitters as implemented on GOJS-L It 
appears unlikely that the accuracy acd stability of co-registration required for GOES-N can be 
practically realized with the complex aft optics required by the beam-spliuer appro? h, 
particularly e one adds more of the requested spectral bands. Figure 9.13-1 shows the extended 
focal plane proposed for GOES-N. With this extended focal plane, the fundamental co- 
registration accuracy (within the limitations of the optical extended FOV) is determined by the 
accuracy of the fabrication process used to assemble the focal plane, a more manageable problem 
than maintaining the mechanical stability of multiple beam splitter paths in the aft optics. Ooe 
beam splitter is still euvisiooed to separate the war m and cold focal planes, but this beamsplitter 
has incorporated precise thermal stabilization and an in-flight alignment a dju s tm ent mechanism to 
superxtse the two focal planes in object space. 

The warm aid cold focal planes of Figure 9.13-1, while shown separately, are intended to be co- 
registered in object space. The model includes redundant detectors ror all channels, which are not 
show? in the figure, but would be obtained in the same manner as for Option II; Le., the detectors 
arrays are doubled in the north-smith dunenstoo. The visible channels are shown as 1km IFOV 
channels, rather than the 03km requested (ROl). The higher resolution is feasible in the 
instrument, using time-delay integration (TDI) to achieve the required signal-to-noise, but has a 
large impact on spacecraft communications and power and on ground p rocess i ng. For this reason 
the 1km IFOV was retained in the model. A very similar situation exists with respect to the 
3.9pm channel where a 4km IFOV is provided rather than the 2km requested since the required 
NEAT is not compatible with a single 2km detector. 

With extended focal planes, the problems associated with image rotation inherent in a two axis, 
single minor scanner such as that used in GOES-I are exacerbated. It is preferable to eliminate 
the image rotation at the outset, which is accomplished by the next significant design feature of 
the advanced imager, the incorporation of separate scan mirrors for the east-west and north-south 
axes. The magnitude of channel-to-channel misregistration is proportional to orbital inclination. 
Channel-to-channel registration within the spacecraft system to 14pr, as being attempted on 
GOES-1, would require orbital inclinations no greater than 0.05 degree Alternatively, since the 
channcl-to-channel misregistration is deterministic the problem could be addressed by resampling 
the data stream in on-ground processing. Either approach appears feasible, although the image 
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re-sampling aod continuous station keeping studies propose d for other reasons m Section 83 bat 
not funded at the beginning of toe GOES-N s t u dy should be completed for confirmation. 


There is a problem with an extended focal plane when IMC corrections are applied to the scan. 
East-west accelerations can be compensated for by dynamically adjusting the samplin g rale to 
maintain co-rcgjstratioa. North-sooth acc e l erations wffl cause mis-registration tel can be 
comp en s a t ed for by ehbu rotating the image dynamically dning the east-west scan, l im i ting the 
maximum indinatior angle or rcsampi -ig the dau an the ground. Dynamic rotation compensation 
introduces ma ny un d esira bl e complies*? Ho the design. The a pproa c h sd ecied for Option ID 
is to keep die inclination below 0.05 degree. The approach Is io cctrect the iadinaiion error, 
which grows about 0.002 degree daily, every day when th- deeh are bctog an h mded bora the 
solar pressure effects that occur because the Option 111 spaoccr*h does not we a solar sail. 

Keeping the inclination down to these levels win keep this effect to about 5pr and allow the 
perfor ma nce projected in die table above. To maslah INK. performance it win be neocssaty to 
have conti n aons two station nagjag data about ever/ 10 manic with an update of the orbit every 
few boms, h dxwid be noted that, with these small incarnations, the. require d IMC signals to 
compen sa te for orbits.* effects are very low and shook* present no probl ems to the p o i ntin g 
system. 

8.43.2 Option ID Sounder Recommendations 

The Option IQ sounder also utilizes die Mkbdson approa c h , uses a eryo-re fi rigetatof to achieve 
feed plane temperatures in die 60K-65K te mper a t ure regime , and has a 12 inch a p e rt ure . It has a 
significant per forman ce advantage over the Option O sounder, bat is considered to have higher 
risk due to the lack of a demonstrated re frigerator lifetime in the current trine frame. 

Recomm ended Option n studies 1 through 14 listed m Section 8.432 aiso apply to the Option 01 
sounder. Studies 15 and 16 below are unique to Option IQ- 

15. Option 01 Sounder - 2km IR for Good Clearing at Night: 

The Option D! sounder uses mechanical r efrigerators to provide the cooling of the IR focal planes. 
The refrigeratois proposed for the Option QI sounder have sufficient capacity at a low enough 
temperature to make technically feasible the inchistoo of an IR array to provide a 2km IGFOV IR 
detection system operating in the 33{un spectral region. Hus IR anay most steal -a little light 
from the Short Wave spectral region of the sounder and be imaged on an IR detector anay as 
shown in Figure 93.4-2. 


The IR anay may be implemented as a linear or area array using an approach si mi la r to that 
proposed fo; the visible cloud dealing detector arrays. 

16. Option 111 Sounder - Mechanical Refrigerators: 

The issue of the technical risk of cryogenic refrigerator technology in the GOES program can only 
be addressed by observing the progress of the technology over the next several years. The NASA 
Earth Observing Program is committing significant resources to develop refrigerators with 5 year 
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life. This activity should benefit NOAA instrumentation at some time ia the hue. In addition, a 
British in stru m e nt will fly a ayo-tefrigentor with a multi-year life within the next two yean. 

Without pashm, results from these activities. NOAA should not plan on using refrigerators ia the 
operational e nv iro n me nt. However, if the mission r equ irem e n t drives the need for focal plane 
temp er atures below 80K. then the technology will have to be co n side r ed. It may be possMe to 
design an interface that allows a pas s i v e radiator to be Bed mhialty wide later units use a 
refrigerator to improve performanre 


8.43 3 Option 10 Auxiliary 


The dene for an add i tional imager has been id en t ifi e d as an ta rh anerm e n t m the NOAA 
document and as RE15 m dns stndy. This hfl tKsfc im ager could relieve the conflicts for 
obs e rvat i on time expected to develop with i ncreasing t nes osca l e jmafjag re quiremen ts if only the 
basic primary onager were to be available. It would also provide redundancy and assure 
co n tinuing service if the prima ry ima g er failed The only explicit req u ire ments m de NOAA 
doccaaent caO for full dbk imaging urith resolutions of 2km m the visMe and 6km in the EL 

1. Option 10 Auxiliary I mag e r - Phase-A Study: 

A Phase-A stndy of the a uxi lia ry imager sfaorld be oo nd ne t e d prior to Phase-B. The purpose is 
to develop a data base which is sufficient to p rep are the RFP and to prepare staff to m onito r the 

1 nnyrtiiiw parallel Phase — B auxiliary itaager stntfies. At this pain: the in-house knowledge base 
is ina deq ua t e to initiate a good Phase-B cont ractual arrangement with industry. 

2 Option III Auxiliary Imager - New or Modification of GVHRR: 

An addttional in s trum e nt to provide these capabilities oonld be built based on a new design or on 
the ATS-6 GVHRR and INSAT heritage. The INSAT VHRR is still in production at ITT and 
served as the primary basis for the estimates of the auxiliary imager for GOES-N- Significant 
modification of the instromeu in the optics, detectors and signal processing are re quire d in that 
the *NSAT resolutions are 275km in the visfoie and 11km in the EL Farther modifications are 
required to the INSAT imager to meet the INR req uire ment of GOES-N. The auxiliary imager 
can be an upgrade of the GVHRR on the INSaT. bat major design changes are needed to 
incorporate the INR capabilities that are now part of the GOES. These changes would be low 
risk, but would incur moderate non-recurring expenses. 

3. Option Ul Auxiliary Imager - Double Imaging Rate of Primary Imager and Time Share it 
With Auxiliary Imager 

This is a proposed alternate approach to achieve the functional capabilities of the auxiliary imager. 
Enhancement RE-15, with a low cost, light weight modificatiou of the GOES I-M imager (for 
any spacecraft option) that will provide the fall spectral, radiometric, and INR capabilities of the 
primary imager with enhanced redundancy in the primary imager. 
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The basic concept is to provide "continuous" full disk capability as wdl as small sector capability 
by making the priar - imager have twice the coverage rate of die present imager and time 
sharing the system on a prede fi ned schedule so as to provide fall disks every 30 minutes, and 
have no tune disconti nu ities in die data used for wind determination (cX, Section 9.1.43 for 
additional joforautioo.) 

The imagers coverage rate will be doubled by adding 8 visMe detectors to the present 8 detectors 
(as has been done for the Option III imager already) and a ctivat in g the redundant IR detectors that 
are already in the focal pUoe and adding the n ecess ar y amplifiers, 'juhiplexers, etc. This wdl 
allow the imager to step 16km north -south after every line rathe' than the present 8km. The 
east-west scan rate will remain the same. Assuming that the cooler can be modified to 
accommodate the extra heat load, the radiometric and geometric performance wifi be unchanged 
from the present capabilities. This wdl, of comse, doable the data rate from the in st mm eut. 

8.43.4 Option ID Night VisMe Operation RrcommrndntionE 

The sensor is conc ei ved to use a 1000 x 1000 pixel solid-stale imagmg device with an F/3 optic 
(6cm aperture). The KJPOV of each dement is 2km. The following sigpal-ao-soise p erfor ma nce 
can be provided: 

This sensor would be smaller than the lightning mapper mstrumeat and have better resolution. It 
may be p ossMc to moefify the lightning mapper lo provide this capability through a separate focal 
plane using the same optics. However, the present ooufign n tion places the bandpass fiber for the 
lightning event detection in front of the optics to be able to achieve and main t ain the 
narrow spectral bandpass. If the filter remans in this position, then CKxfificatioa of the lightning 
mapper is not recommended and a separate sensor should be developed. The technology risk is 
low. 

Night visMe can be implemented in a low risk technology using solid-state imaging arrays in a 
separate sensor designed for this propose. Modification of the lightning mapper is rot 
recommended due to the unpact to its impkxncntatkn- 

1. Option HI Night VisMe Phase-A Study. 

A Phase-A study of the night visMe sensor should be conducted prior lo Phase-B. The propose 
is to develop a data base which is sufficient to prepare the RFP and to prepare staff to monitor the 
competitive, parallel Phase-B night visible sensor studies. At this point the in-house knowledge 
base is inadequate to initiate a goad Phase-B contractual arrangement with industry. 

8.5 Control System and linage Navigation and Registration (INR) Design Consideration 
Recommendations 

8.5.1 Introduction rod Background 


The major GOES-N study issue, considered the significant study shortfall, is the lack of GOES-! 
flight performance data to substantiate the INR performance concept. Without GOES-I 
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perfonnance data to substantiate the LAS derived INR perfonnance budgets, the GOES-N 
Option ! pedonnanoe budgets are unproven. In cootrast, the Options II and III designs are on 
somewhat firmer ground doe to the e xp erience gl e aned from tbe IUE, SMM. HST spacecraft and 
the Ultraviolet Imaging Telescope (UTiyAstro Observatory. 

To n unimizr. the design risk a sso c i a ted with ach i e v ing INR req uir ements, the use of proven 
technology foe each dement of tbe design was used as a guideline. As a result, even though the 
proposed design has never been imp l emen ted for a geosynchronous earth pointing spacecraft, the 
reco mme nded star trackers, reaction wheels, etc. and the design concepts all have been proven on 
other spacecraft 

Since the Option I spacec r aft was defined to be ao evolution of the GOES I-M series (which Calls 
c o n sidera bly riaort of achieving NOAA^s Optional and Enhanced INR requirements), it was 
decided that the Option D and 01 control subsystem designs were not to be constrained (except 
for tbe use of flight proven dements). 

SS2 Option I - Control and Pointing System Recommmdatioos 

JL5.2-1 Option I - Sir'll R e d undant Reaction Wired for Yaw Control 

The Option I spacecraft will retain the basic three-axis, mom e n t um bias co nfigura tion of 
GOES I-M. Two huge mom e n t um c a p a city wheels a rranged in a V-shaped configuration 
provide gy ro scopic stif f n es s and primary control torque capability along tbe spacecraft pitch and 
yaw rxer In tbe event of a future of either wheel, the remaining yaw control woold be 
inadequate. For redundancy, therefore, it is recommended that a smaller, 2 ft-Ib-sec reaction 
wired be moonteJ along the spacecra ft yaw axis w replace the yaw component of either of the 
moment um w he els . 

8i22 Option I - Improved Earth Sensor Noise Characteristics 


ft is recommended that modifications be made to the GOES I-M earth sensor to improve the 
noise characteristics by a factor of about 1.4. The noise of the present sensor is quite high as 
compared to the expected spacecraft end-to-end perfonnance. Predicted performance of the 
Option I system is slightly improved over the GOES I-M system. All of the improvement is due 
to the indusioa of an improved earth sensing system to the Option I design which leads to a 
reduction in aKibtoe stability enor. 

8.5.3 Options II raid III control and pointing sys»em recommendations 

Listed in the following table are all of the design changes recommended for Option U, which are 
also incorporated into Option III along with additional Option III instrument improvements: 
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Table LS-I Option 11/111 improvements vilh respect to Option I/COES-I 


| AREA OF.CHANCE 

IMPROVEMENTS v I 

| OPTION D - r-| 

STAR TRACKERA5YRO 

SPACECRAFT JITTER 
YAW CONTROL 

ZERO MOMENTUM BIAS/REACTION 
WHEELS 

DYNAMIC INTERACTION 
STATIONKEEPING RECOVERY TIME 

OPTICAL BENCH 

THERMAL DEFORMATIONS. STRUCTURE/ 
MODAL FREQUENCY PERFORMANCE 

SPACECRAFT MOTION 
COMPENSATION REPOINTING 

REALTIME MIRROR COMPENSATION (FOR ALL 
DYNAMIC INTERACTION) i 


IMPROVED INSTRUMENT POINTING 

SOUNDER REDESIGN 

THERMAL DEFORMATIONS. STRUCTURAL/ 
MODAL FREQUENCY PERFORMANCE 

BIANNUAL YAW FLIP 

IMPROVED COOLER PERFORMANCE* 

RECONFIGURED SOLAR ARRAY 

MINIMIZE SOLAR TORQUE EFFECTS 


( ALL OF THE ABOVE | 

INSTRUMENT REDESIGN - 
IMPROVED INSTRUMENT POINTNG 
5* OPTICAL ENCODER 

THERMAL DEFORMATIONS. STRUCTURAL/ 
MODAL FREQUENCY PERFORMANCE 

INSTRUMENT FOCAL PLANE 
COOLING REFRIGERATORS 

SIGNIFICANTLY IMPROVED FOCAL PLANE 
TEMPERATURES/DETECTOR PERFORMANCE 


BIANNUAL SPACECRAFT YAW FLIP WILL NOT BE REQUIRED FOR OPTION IB 
BECAUSE A MECHANICAL REFRIGERATOR AND REDESIGNED IMAGER ARE 
USED 
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8.5.3. 1 Options II aid III - Star tracker/gyro inertiai reference system 

It is recommended that the Option II/III spacecraft utilize an inertially referenced system, using 
star trackers and very stable gyroscopes to maintain the spacecraft attitude in roll, pitch and yaw. 
The advantage of this implementation over the GOES I-M earth reference, earth sensor system is 
s significant reduction in jitter. Also, *be pitch axis is maintained parallel with the earth's north- 
south axis throughout the orbit However, since this implementation is not an earth reference 
system, it is more sensitive to orbit errors, requiring better orbit determination. As a result, two 
remote sites *o receive ranging Ja^ contained in the processed data stream will be required. 

These sites could be unmanned or be located at sites that already receive processed data 

1. Options II and III - Three star trackers: 

The recommended s u bsyst e m utilizes 3 star trackers spaced at 120 degrees around the pitch axis 
and canted down 35 degrees from the celestial pole. Failure of a single star tracker only causes 
slight attitude performance degradation; drs, full redundancy is maintained for this configuration. 
Candidate trackers include the Ball Aerospace CT-601, the Hughes Danbury ASTRA-H, and the 
Jet Propulsion Laboratory (JPL) ASTROS hacker. 

2. Options II and Dl - Redundant Inertial Reference Units (IRU): 

The recommended IRU is the redundant Dual Redundant and Inertial Reference Unit (DRJDRU D) 
which has been flown an a number of spacecraft The DRIRU D menial reference unit developed 
by Teledyne was selected for its excellent drift properties and extensive flight heritage. 

3. Options II and Dl - New attitude control electronic? (ACE) equipment: 

The ACE proposed for GOES-N is based on the Small Explorer Data System (SEDS) computer 
developed at JSFC for the small explorer p rogram. The SEDS uses an 80386-based pro c essor 
with an 80387 co-processor operating at a dock speed of 16 MHz. Data input/output (DO) 
function? between the processor and the sensors and actuators are performed using the MIL STD 
1773 data bus architecture. 

8.5 .3 .2 Options II and III - Zero momentum bias/reaction wheels 

A set of four reaction wheel’' is the recommended torque actuation system for the on-orbit mode 
In contrast to the Option I system, the wheels do not provide a momentum bias to the spacecraft 
but operate near the zero momentum condition. The wheels are set in a pyramidal arrangement to 
provide redundancy. 

8.5.33 Options II and III - Optical beach 

It is recommended that a spacecraft designed to accommodate an optical bench (e.g., Hughes 
HS-601) be utilized for the Option II/III payload. The bench would be made of a low thermal 
conductivity honeycombed (for stiffness) material which would be loosely coupled to the 
spacecraft body to minimre thermal and mechanical load paths. The bench is a precision pointed 
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platform on which all attitude sensors and the mission sensors are mounted in dose proximity, 
thereby minimiring alignment variations between the instrument focal plane and the star 
uackcr/gyro system. 


83.3.4 Options 11 and HI - Closed loop sensor minor servo control system 

It is recommended that the Option IAjOES I-M open loop mirror motion control (MMQ be 
replaced by a closed loop sensor mirror control system. This uses the realtime error signal sensed 
by the star tracka/gyro to correct for any higher frequency mrspointing errors that cannot be 
compensated by the control system, resulting in improved pointing and image registration. 

1. . Options H and HI - Feed-forward compensation filter '.or sounder servo controller 

In order to improve the sounder step and settle performance, a pre-filtering/feed forward 
compensation scheme is recommended. The purpose of feed-forward compensation is to improve 
the closed-loop system's slow response (in situations where low bandwidth is required for 
stability) to achieve foster response to a command signal. 

2. Options II and HI - Digital sounder servo controller 

It is recommended that the servo controller design be digital. The major benefit of a digital 
implementation is its ability to be tuned on-orbit. This reduces die risk of degraded servo 
pointing performance due to structural mede frequency shifts that may result from launch 
vibration, thermal and/or zero gravity effects. 

8 333 Options D and HI - Optical encoder instrument minor chive systems 

As for Option I, the use of optical encoders is recommended for the Option II and HI instrument 
minor drivers. For the Option D aid HI sounders and the Option HI imager the use of a 5 inch 
dish optical encoder is recommended. For the Option II imager, which is a derivative of the 
GOES I-M, a 3 inch disk optical encoder is recommended to avoid forcing a major instrument 
redesign. Therefore, the optical encoder becomes the sensor of choice for the redesigned 
instruments of Option II and HI due to its improved accuracy and resolution, reduced electronics 
sensitivity (especially to noise), and reduced cost 

833.6 Options 0 and HI - Use of Graphite Fiber Reinforced Plastic (GFRP) material in the 
Option HI imager and Option II/1II sounders designs 

It is recommended that the sounders be redesigned using GFRP material in an alter H to reduce 
the structural control interaction difficulties found in the GOES-I design. This new sounder 
des-^n will produce a stiffer instrument that is also much less susceptible to thermal distortion. 
The mechanical configuration of the new design may employ either a two minor system or a 
single minor two axis scan assembly, depending on the results of future study of these concepts. 
The new configuration will still have motors and shaft angle sensors on opposing sides of shafts. 
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because it was found that locating them on the same side aggravates stability problems of (be 
servo. The Option II imager, which has a less demanding scan profife than the sounder, will 
employ the same structure that will be used in GOES-1. In Option HI, the imager structure will 
also be redesigned using GFRP material. 

GFRP materials are recommended to raise the lowest frequencies of the structure and increase 
their separation from the controller bandwidth. 

The GFRP design concept was also motivated in part by a desire to minimize thermal effects on 
instrument pointing GFRP has a coefficient of thermal expansion that is an order of magnitude 
less than that for beryllium or aluminum. An instrument redesign employing GFRP material can 
therefore be expected to exhibit less thermal snapping and cyclic deformation than the GOES-I 
design. 

&5J.7 Options II and HI - Twice per year yaw rotation 

As a means of further lowering the passive cooler operational temperatures by reducing the 
amount of reflected (real from the son, it is recommended that the spacecraft be 'flipped* about 
the yaw axis biaimually. Large angle slew maneuvers have been performed or. all inertial 
pointing spacecraft and, therefore, yaw rotation is considered a safe procedure. 

8.53.8 Options 0 and Q1 - Elimination of solar sail and trim tab 

It is recommended that the Option H/HI spacecraft not have a solar sail and trim tab, which results 
in an improvement in the passive cooler performances. Thruster firings will be used about once 
per day to unload the wheel momentum resulting from the absence of the solar sail and trim tab. 
These thruster firings will be - 03 seconds in duration from two 5 pound thrusters; aid the 
improved control system will accommodate these firings without an interruption in service. The 
solar array will be redesigned to move the center of pressure closer to the spacecraft body to 
reduce the solar torque effect 

83.3.9 Options II and HI - Continuous stationkeeping 

It is recommended that the spacecraft inclination be maintained within tight limi ts by increased 
thruster firings for continuous stationkeeping, thereby minimizing the magnitude and rate of 
change of the required IMC correction. As a result, larger instrument focal plane arrays can be 
used is a means of minimizing the time required for fabrication and alignment 


833.10 Option III focal plane refrigerators 

A Stirling cycle cooling system modeled after the units planned for the AIRS instrument on ECS 
is recommended for the Option III sounder focal plane cooling. One pair of these units operating 
simultaneously is required for normal operation. For redundancy two pair are recommended. 
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8.5.4 Recommended Pre-Phasc-B additional studies/rescarch 


8.5.4. 1 Recommended Studies 

The following list summarizes the INR related studies/investigations that are recommended to be 
completed before the start of the Phase-B effort: 

• Dynamic interaction 

• Attitude control - ephe-reris uncertainty 

• Attitude control 

• Semiannual 180 degree spacecraft yaw flip 

• Servo performance - two mirrors, GFRP structure 

• Optical bench 

• Wheel mounts 

A brief description of the purpose and expected results of each study is provided below: 

1. Dynamic Interaction Study: 

The purpose of the dynamic interaction study is to determine die impacts to the spacecraft 
controller resulting from a S&R interferometer, a mechanical refrigerator, and solar pointing 
instrument motion. A primary effort in this study is the development of a spacecraft structural 
model, which can then be tailored to determine the dynamic interaction effects of a S&R, 
refrigerator and solar pointing instrument motion. 

The primary concerns with the S&R interferometer are the potential for thermal snapping and 
potentially undesirable modal frequencies. For the mechanical refrigerator, tire nonnal pumping 
motions would be investigated to determine the impact on INR performance. Similarly, the 
motion from solar pointing instruments needs to be evaluated to determine the effects mi the 
spacecraft pointing. 

2. Attitude Control - Ephemeris Uncertainty: 

The effects of orbit determination uncertainty need to be further analyzed to determine the 
performance degradations resulting from ranging at candidate sites selected by NOAA. This 
analysis wouid be done parametrically to assess the uncertainty based cm the use of different sites 
and different ranging accuracies associated with different implementations. 

T he placement of thrusters to eliminate/tninimize contamination of both instruments and coolers, 
while providing the capability to unload the daily wheel momentum buildup, needs to be carefully 
evaluated. As a part of this effort, the capability to use the daily wheel unloadings to also provide 
continuous station keeping would also be examined. If this is determined to be impractical, 
separate thruster firings for nearly continuous stationkeeping would be evaluated 
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If the use of thrusters for continuous stationkeeping is not feasible, it will then be necessary to 
evaluate the use of resampling as a means d providing fixed grid images with a large focal 
plane. That is, either continuous stationkeeping to keep the inclination within tight bounds to 
minimize 1MC rate changes or resampling is required to support the IMC corrections needed for 
fixed grid images when a large instrument focal plane is used. Note that resampling will be 
studied only if some form of continuous stationkeeping is not practical. 

However, it is strongly recommended that resampling also be evaluated, because of its potential to 
correct or mitigate unexpected problems. An investigation of resampling would include an 
assessment of bow to best combine the 1NR resampling requirements with current NWS 
resampling activities to provide different map projections for users. IMC rate changes or 
resampling is required to support the IMC corrections needed for fixed grid images when a large 
instrument focal plane is used. 

3. Attitude Control: 

Hie needed attitude control studies are: 

• Simulations of bousekeeping/stationkceping maneuvers to ensure that recovery times are a 
fraction (Vi or less) of an hour 

• Further investigation of mi Attitude Control System (ACS) interferometer to determine if 
this is practical 

(e.g., geographical locations to mitigate weather effects, obtaining a frequency allocation) 
and a more cost effective approach than star detectors; if it is, then the study will provide 
an evaluation of an interferometer for providing the epherreris 

• Refinement of die impacts of magnetic control on spacecraft weight and power 

• Detailed definition of the control system and instrument interfaces 

• Description of the ACS computer and system bus 

4. Semiannual 180 degree Yaw Axis Flip (Star availability): 

This procedure to provide the lowest passive cooler temperatures, requires tha' an in depth 
analysis of star availability in both the northern and southern hemispheres be performed to ensure 
the required availability of stars. 

5. Servo Performance for a Two Mirror, CFRP Instrument: 

An analysis of the servo performance that is obtainable for an instrument with two mirrors and 
designed with GFRP is needed. This analysis would first develop a structural model from which 
the overall servo performance could be determined. The thermal performance of the new structure 
also needs to be determined. 

6. Performance of an Optical Bench: 

The determination of the performance of an optical bench requires that both a structural and 
thermal model be developed for the proposed types of mountings. 
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7. 


Evaluation of Wheel Mounts: 


A tradeoff comparison study between wheel soft mounts and magnetic bearings is required. This 
study will result in the selection of the best reaction wheel mounting scheme for GOES-N 
considering performance, risk and cost. 

8.5.4.2 Recommended Research 

In order to achieve the wi thin-frame and frame-frame registration requirements of 14 pr a 
significant change in the instrument design will be required to overcome the current error sources. 
Study results have shown that the primary error in the within-frame registration is due to the 
instrument pointing and for the frame-frame registration is due to thermal variations. 

One approach to reduce both these errors is to provide real time error position sensing through the 
instrument. This technique is an adaption of the approach used on missions that require very 
accurate pointing/registration such as HST. The adaption is necessary to extend the technique 
from fixed pointing applications (e.g., staring at a star) to imaging the earth. Conceptually, this 
approach continuously determines the difference between an earth reference signal (e.g., a beacon) 
at a known location and the expected pointing position of the instrument with respect to that 
reference signal. By nearly continuous monitoring of the measured (observed) difference between 
the known signal and the current pointing ^ a "continuous" pointing error can be developed 
that is referenced to the earth. This error general, is analogous to the generation of a servo 
error using an Inductosyn encoder or optical encode*, except that the feedback path and error 
signal are now referenced to the earth and include the pointing error. Like any dosed loop servo, 
errors in pointing due to many causes (e.g., thermal effects, instrument pointing) will be 
attenuated in near real time. 

For the near term, it is recommended that a research and development effort be initiated for an 
instrument concept with the capability to nearly continuously sense the position of an eath beacon 
at a known location and determine the error in pointing, if any, with the desired pointing position. 
One approach based on current technology would use a 1000 x 1000 or a 2000 x 2000 visible 
detector array in the instrument to continuously monitor the location of a beacon. The array(s) in 
the near term would not be used for imaging. 

For the long term, the development of large visible detector arrays to both image and be the 
sensor portion of the pointing error detection should be undertaken. 

8.6 Space Environment Monitor (SEM) Recommendations 

8.6. i Space Environment Monitor (SEM) Overview 

The GOES I-M SEM includes a magnetometer, an EPS, and an XRS. Options I and II contain a 
magnetometer, an improved EPS, an XRS, and an SXI. Option III is configured the same as 
Options I and II with the addition of an SVM/Hal and an EUV. 
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The requirements for the magnetometer and the full disk XRS are unchanged from the specified 
performance for GOES-I. Because the existing instruments are expected to meet those 
requirements, no effort has been devoted to alternate instrumentation approaches. 

Addition of the SX1, the EUV Spectrometer, the SVM/Hal to GOES-N would result in a 
dramatic increase in the solar observation capabilities of GOES-N relative to current spacecraft. 
The spacecraft solar observation platform was sized to accommodate the core XRS and SXI 
instruments and one other significant (i.e. 20kg class) solar observing instrument. The SVM was 
arbitrarily selected for inclusion in the Option III spacecraft model because more definitive 
information was available at the time than for the other solar observations and because it appeared 
feasible to incorporate an Ha imaging mode in the s?me instrument, thereby partially covering at 
least one additional requirement. 

8.6.2 Options II and III - Magnetometer system considerations 

GOES-N will undoubtedly have more sources of magnetic interference; therefore attempts should 
be made to reduce the signature of as many sources as possible. Partly for this reason, it is 
recommended that Option II and III spacecraft magnetic torquers be replaced with thrusters for 
reaction wheel unloading. A six meter magnetometer boom is also recommended. At six meters, 
and with no magnetic torquing, the magnetometer data on GOES-N should be free of any 
significant spacecraft field contamination for the first time in any GOES spacecraft 

In order to avoid problems with multiple boom segment deployment and stability, Astromast style 
booms are recommended. 

Long deployable booms cause concern with regard to the stability of the frame of reference fc. 
the magnetometer and with the dynamics of the flexible spacecraft structure. Therefore a study of 
interactions of the attitude control subsystem with a flexible spacecraft structural model is 
recommended. 

The spacecraft level zero field magnetic test requirement should be restored, at least for the 
qualification spacecraft test. Boom and sensor packages must be acceptance tested separately in a 
zero field test facility (including post perm/deperm tests) to verify the magnetic stability of the 
sensor assembly. 

8.6.3 Options II and III - Solar pointing platform - Attitude Control System Interactions 

The Option II and Option III attitude control system concept, with its on-board sensing and 
correction of spacecraft motion, should allow stepping the solar pointing platform by the required 
16 or 32 arc minutes to allow the image of Jie solar corona to be generated, followed by an 
immediate return to the solar disc monitoring mode. The impact to the XRS and the SVM should 
be negligible. However, the dynamic response of a flexible spacecraft model to this stimulus has 
not been modeled, nor has the stability of the system even in the absence of such siii»i:ili. 
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Recommended with regard to the solar pointing platform arc studies including: preliminary 
elcctiomcchanical and structural SPP designs, stability and pointing performance analyses lor both 
earth and solar viewing instrument platforms, aad development of interface specifications. 

8.6.4 Options II and III - Energetic Particle Sensor (EPS) 

Perform EPS energy deposition analysis in the current telescope/dome/High Energy Proton and 
Alpha Detector (HEP AD) to confirm logic, thresholds and energy/atomic number separation 
performance for the Zs3 channels. Study a separate time-of-flight EPS sensor to monitor alpha 
particle flux for 30keV/n to 800keV/n alpha particles. 

The Medium Energy Proton/Electron Detector (MEPED) which is included to provide coverage 
above 30keV only has two defined directions. The rather broad acceptance angle of the MEPED 
insures the integrity of the measurement, Le., there are no broad directional components of the 
population which are not sampled by the instrument, but the pitch angle resolution obtained is 
correspondingly coarse. This issue should be revisited by the NOAA to clarify the requirements 
for spatial resolution in this energy regime. 

8.6.5 Option III - Solar Vector Magnetograph (SVM) 

The SVM is by far the most technically challenging of the enhancements under consideration for 
the GOES-N SEM. Several design requirements involve technical requirements at the state-of- 
the-art for optical system design. A Phase-A study is recommended for the candidate 
instruments considered. 

All measurements must be taken within the spectral bandwidth of the magnetically sensitive 
resonance line, which requires realization of very narrow spectral bandwidth filers in the 
measurement instrument A number of alternative approaches have been proposed, some of which 
have been flight and/or ground proven, and others more developmental. A more detailed study 
should be conducted to select the best cost/risk/perfonnance alternative. 

The Solar Heliospheric Observatory (SOHO) Michelson Doppler Imager (MDI) fits into the 
allocated volume, but significantly exceeds the allocated weight A more thorough modeling of 
the optics and electronics associated with the SVM for GOES (which does not require all of the 
optics and elec'ronics included in MDI) must be done before committing to a system design with 
the weights allocated as in the spacecraft model. 

8.6.6 Option ill - Extreme Ultraviolet (EUV) Spectrometer 

The indication is that a multiple sensor package can be defined which would be compatible with 
the weight and volume available as a replacement for the SVM. An extensive SVM/Hal 
development in-flight calibration program would be necessary to achieve the 5 % calibration 
requirement. If SVM/Hal cannot be developed, the EUV spectrometer provides a fallback sensor. 
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la view of (he lade of confidence in achieving the required absolute calibration accuracy of the 
S' "./Hal, it is recommended that the EUV requirement for GOES-N be addressed by a single 
small grazing incidence spectrograph covering the spectral range from perhaps 100 to 1200 A. A 
combination of stellar calibration and sounding rocket under-flights would be used to maintain the 
absolute accuracy. A program to — /clop small, low power, reliable in-flight calibration sources 
to enable improving the absohee accuracy of EUV measurements (±5%) is recommended. 

8.6.7 Options L A, aid III - X-Ray Sensor (XRS) 

Confirm in-flight performance expectations on GOES-I. Develop concepts for boresighting the 
XRS to other solar observing instruments. 

8.6.8 Options I, U, and III - Solar X-Ray Imager (SXI) 

1. Perform an SXI detector tiade-off study to identify the preferred approach. 

2. Prepare a specification for the SXI grazing incidence minor and obtain cost/scheduie 
quotes from potential suppliers. 

3. Perform preliminary SXI thennaVstroctural design and materials selection for metering 
structure and evaluate thermal effects on optical system p erfo rm ance. 

4. Perform p reliminar y SXI data processing electronics design and update power estimates. 

5. Update SXI mass estimates. 

8.6.9 Space Environment Monitor (SEM) - System Considerations 

Substantial additional analysis is necessary to predict quantitative performance expectations for the 
instrument concepts in such areas as (1) the sensitivity, spectral resolution, total spectral range and 
calibration accuracy of the EUV Spectrometer; (2) sensitivity, MTF, signal processing analysis 
and algorithm validity analysis for remotely sensed solar magnetic fields (and Ha images) for the 
SVM/HcI; (3) atomic number and energy band discrimination capability and contamination 
analysis for the desired heavy ion analysis in the EPS; and (4) detailed c leal performance 
analysis an ’ detector performance acd reliability aade off for the SXI. In most areas, however, 
the desired performance levels are comparable to or less than that achieved by or specified for the 
prototype instruments which have been surveyed. A notable exception is the absolute calibration 
accuracy of the solar EUV monitor. 

8.7 Search and Rescue 

S.7.1 Options I, II, and III - Search and Rescue 

User identification embedded in the distress beacon transmission relayed through the GOES 
soacecraft will provide information that might help in pinpointing an area where the distress 
beacon was activated. But without a position location capability (or coordinate data embedded in 
the beacon message derived from a navigation system), determining the distress beacon's position 
would still require a Soviet Ministry of Merchant Marine (MORFLOT) Search and Rescue Space 
System (L’SSR)/Scarch and Rescue Satellite (COS PAS/S ARSAT) flyby. 
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The desire to reduce lost time waiting for a CQSPAS/SARSAT passby to locate an active distress 
beacon is the reason for providing a location capability on geosyaduouous spacecraft. However, 
geosynchronous spacecraft are not the total answer. The zero elevation angle for geosynchronous 
spacecraft occurs at about 80 degrees latitude, taeatuag that polar coverage cannot be provided 
from geosynchronous orbit. Three geosynchronous spacecraft will provide worldwide equatorial 
coverage, but on the order of six spacecraft would be needed for adequate coverage at latitudes 
above 60 degrees. An alternative to using geosynchronous spacecraft is to deploy a constellation 
of low earth orbit dedicated COSPAS/SARSAT spacecraft to provide more frequent coverag e. 
Another, but less desirable, alternative is to require that vehicles have ou-boart* navigation 
systems interfaced to the distress beaoon transmitter providing updated positira data. In the event 
the distress beacon is activated, die latest position would be available to rescue teams. 

8.7. 1.1 Search and Rescue Interferometer 

The SftR interferometer vra s not indnded in the Option D1 cost analysis. It was studied for 
technical feasibility only. 

An interferometer was proposed for use on geosynchronous spacecraft NASA Technical Report 
2907, G e os t ati ona ry Position Location Alternatives for 406 MHz Distress Beacons, dated 
March 1. 1990 describes an interferometer requiring two booms providing ten meter long 
orthogonal baselines, each with two antennas to receive distress beacon signals. An associated 
uo -board electronic? package would compare the difference in phase between the signals received 
by the various antennas. The phase information would be downlinked to the S&R system receive 
station on the ground for computation of the position rtf the transmitting distress beacon and 
distribution of the position information to the United States Mission Control Center (USMCC). 
The interferometer described in the report would provide a position location uncertainty of about 
SO kilometers at die subsatellite point, with the uncertainty increasing with latitude. However, by 
averaging phase difference information over multiple distress beacon message transmissions, the 
position uncertainty would be reduced by the square root of the number of messages over which 
the measurement is made. 

\ follow -cn NASA study, GOES-N Search A Resate Interferometer Feasibility Study, dated 
January 14, 1991 investigated the feasibility of implementing an interferometer on the GOES-N 
spacecraft Quoting from the conclusions presented in this study, A zero momentum active 
ACS for GOES-N can accommodate Me necessary appendages for the S&R interferometer. 

There does not seem to be any major show stoppers that would prevent the S&R interferometer 
implementation cn the GOES-N with the active ACS option {Option II and III spacecraft]. This 
does not imply that it is easy to do. A conclusion that may be drawn from this study is that the 
GOES-N mission is already a very difficult and challenging one. and the addition of the S&R 
interferometers does not add substantially to this challenge. Further study is recommended to 
refine the system parameters and spacecraft impacts in terms of power, size, weight, and 
antenna/Astroraast stowage configuration...* 

As a result of discussions at the third quarterly GOES-N study review, a S&R interferometer was 
incorporated into what was to be an additional spacecraft option (Option HLA) to be studied after 
the GOES-N study was completed. As a result of that agreement, the st Jv team conducted an 
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independent analysis of the position location problem and developed an alternative configuration 
that did not require long Astromast boons. The position location accuracies computed for this 
configuration were on (be same order as those in tbc NASA study. 

Tbc fcastoflity of the 406 MHz SIR system has been adequately proved via experiments 
conducte d using the GOES-7 spacecraft The use of interferometers for detennmmg tbe location 
of distress beacons from geosynchronous orbit, on the other hand, has not been tested. Tbc 
conceptual studies p erforated to date indicate that tbe technique should work, and that more study 
and a flight experiment are warranted. Tie study team believes, however, that the GOES 
program, with its stringent pointing and stability req u ire ments, is not the a pprop ri ate vehicle for 
this research. ftmhcnuMe, before proceeding with additional d e v el opment of aj i nterferometer, a 
tradeoff analysis should be perforated to determine whether or not a constellation of small, 
dedicated, low earth orbiting satellites. would provide global coverage would not be a more 
economical solution. 

as Weather Facsimile (WEFAX) 

551 Options D and III - Weather Facsimile (WEFAX) Second Analog Channel 

The push worldwide is to phase oat analog WEFAX in favor of digital WEFAX, with the late 
199ffs as a target date for NOAA. The second analog WEFAX channel therefore, appears o be a 
weak requirement for the GOES-N time-frame. NOAA should reexamine this requirement. 

552 Options II and III - Weather Facsimile (WEFAX) Eclipse Operation 

Requirement for operation through eclipse may be very weak. NOAA should give this 
requirement thorough consideration because of its large impact an the spacecraft power generation 
and storage system. Any reduction in eclipse operation w3I result in spacecraft platform weight 
and cost reduction. 

8.8.3 Options 1 and III - Weather Facsimile (WEFAX) Transmitter and Spare Unit 

Hughes Aiicrafr Company (HAQ selected a separate transmitter per channel approach and LAS 
selected a single transmitter approach. Both approaches have their merits although it appears that 
the single tianstrucer approach is better for four channels from a weight and spacecraft complexity 
standpoint For this reason we baselined a single transmitter plus spare for the cost study. If the 
second analog channel is dropped, the difference between the two alternatives would be less. Our 
recommendation is that H should be left to the spacecraft manufacturer to deckle which approach 
to implement after a ppropriate analysis and project office review. 

We would also recommend tightening the S-band receive antenna gain -to- temperature ratio 
(G/T) specification from the OOES-I value of -25dB/K to the GOES-I predicted value of 
about -lSdB/K. This vdue appears to be easily met with current technology. 
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8.9 Data Collection Systems (DCS) 

8.9.1 Options I, II and III - Data Collection Systems (DCS) Channel Interference 

Locating DCS interferers from geosynchronous otbil would be a difficult undertaking, requiring 
an interferometer approach similar to that proposed for the SM system. Given what appears to 
be a low priority placed on locating interferes and the large effort dial would be required to 
implement a location scheme, it was derided not worthwhile to pursue interference location. 

8.9.2 Options L 0, and III - Data Collection Platform Response (DCPR) Link Performance and 
System Impacts 

The principal change to the DCS in die GOES-N time frame is an increase in the. number of 
higher rale (121'' bit per second) DCP requiring 3kHz-wide channels. A 3dB increase in DCPR 
channel downlink EIRP, from ISO milliwatts to 100 milltwatls, is recommended so as to provide 
increased margin for the 1200bps platforms. Tlis should require very little modification to the 
existing GOES -I DCPR design and should be incorp o rated in aO three GOES-N options. 

The study team examined the possibility of assigning the 1200bps platforms to a separate band 
about 60sHz wide, suitable for twenty 3-kHz channels. This separation would reduce the 
potential adjacent channel interference between the 100bps and 1200bps platforms. This band 
ooukl be accommodated between the WEFAX channels) at 1691MHz and the CDA telemetry 
channel at 1694MHz. 

In the latter stages of the GOES-N study, we learned that the perfor m ance of the DCS pUiT- Ti 
response channel (DCPR) suffers from degradation doe to adjacen: channel interference and 
intetmodulation distortion. The study team examined a technique ror reducing intennodulation 
levels in the DCFR channel. The technique consists of introducu g a carrier at saturation into the 
channel, with the earner appropriately separated from the DCPR signals. The effect of the 
saturated earner is essentially to generate the intennodulation pnx>«cts around it, suppressing the 
intennodulation products erithin the DCPR band. One method of implementing this concept 
would be to combine one of the WEFAX channels (at saturation) with >he DCPR band. This 
would have the benefits of not only reducing intennodulation product L-vels in the DCPR band 
but would also eliminate the DCPR transmitter and spare. The on the WEFAX signal 
would be about 0.3dB. 

We recommend that the effects of adjacent channel interference and intennodulation distortion be 
measured for the existing DCS to obtain a better estimate of the degradation for use in 
determining required improvements for the GOES-N spacecraft 


The principal changes to the DCS system at the CDA will be additional DCS Automatic 
Processing System (DAPS) ingest equipment to support the growth of 300 and 1200bps DCPs and 
die installation of additional user-provided demodulators if new channels are activated. 
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8.9.3 Options I, (I, and III ~ Data Collection Platform Response (DCPR) Channel Consolidation 
with a Weather Facsimile (WEFAX) Channel 

Multiplexing of the DCPR downlink with a WEFAX signal should be studied because of its 
potential for significantly reducing the effects of intennodulatioo distortion effects within the 
DCPR band. With proper carrier sparing, the power level of intennodulatioo products within the 
DCPR band would drop by about a factor of ten with a negligible effect on WEFAX channel 
performance. An additional benefit of implementing this approach is the elimination of the DCPR 
transmitters, saving weight, space and prime power. 

8.10 Products, Process, and Communications 

8.10.1 Options 1, D and HI - Multiuse Data Link (MDL) and Telemetry 

The MDL impkinertatioa on GOES-1 provides no redundant transmitter. Redun d an t transmitters 
are baselined for tfc GOES-N spacecraft. The S-band multiplexer is expanded to provide a port 
for the MDL output apial, reducing transmission line losses about 26dB compared to the GOES- 
I implementation. 

The multiplexing of on-orbit telemetry data on the MDL link is recommended. This would 
fjiminatr the CDA telemetry transmitters on the spacecraft mid would permit increasing the DCPR 
channel bandwidth if additional channels are desired (e.g., to provide a separate band for 1200 bps 
channels). For Option 1, an on-board multiplexer would be required to combine the SXI, LPS, 
and telemetry bit streams, as wdl as demultiplexers at Boulder, the SOCC, and the CDA, The 
GOES I-M MDL demodulator should be usable with minor, if any modification. In Options II 
and ELI, an oo-board multiplexer is required to combine data streams from the SEM instruments. 
Thus, the impact of adding telemetry data to the MDL is an additional multiplexer (and 
demultiplexers on the ground) port. 

As in GOES I, redundant 5N transpooders are included in the GOES-N configuration for 
transfer orbit and emergency operations. It is recommended that the output power of these 
transponders be increased from 1 watt to 2.5 watts to provide increased link margin. 

The telemetry and command (T&Q system was not analyzed to any extent during the survey 
period. However, feedback from the GOES-I team indicates that the T&C system has reached 
the full capacity point; few, if any, spare commands and few spare telemetry points are available 
for expansion. An expanded command set is recommended for GOES-N. An expanded 
telemetry system with more available telemetry points, a longer minor frame, and an increased 
telemetry rate is also recommended to provide greater flexibility. 

8.10.2 Options I. II, and 111 - Sounder Data Link (SDL) and GOES Variable data format 
(GVAR) Links 


The imager and sounder data rates proposed for Options II and III are about a factor of five 
higher than for Option I. and an auxiliary imager is proposed for Option III. The use of data 
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compression algorithms with forward error correction coding and bandwidth -efficient modulation 
techniques will be necessary to operate within the allocated frequency bands. 

Elimination of the processed sensor data relay link, alternately called the GVAR or PDR link, 
should be studied. Elimination of this link would require direct reception of the raw imager md 
sounder data at the SOC C and the GVAR processing at Lie DUS at the World Weather Building. 
GVAR data could still be made available to users on a non-teal -time basis via magnetic tape or 
perhaps even real-time via the AWIPS as a separate service provided by the satellite servi xs 
contractor. Alternatively. GVAR users could receive the raw data and perform the GVAF. 
processing themselves. 

Another possibility that should be studied is to consolidate the SDL and the MDL (ind'jding the 
on-orbit telemetry) onto one QPSK carrier. The imager data could be transmitted , via .be 
I channel and the sounder plus MDL data via the Q cfaauneL The obvious benefit would be the 
reduction in spacecraft complexity frera the diminatkm of the MDL transmitters. - Another benefit 
is that the SDL center frequency could be moved to provide a wider guard band bebvecn the data 
downlink and the 1660-1670MHz R rdio Astronomy band. In Options D and W, SDL and MDL 
link consolidation may be viable only if the GVAR link is eliminated, due to the higher imager 
and sounder data rates. Additional study is recommended. 

8.103 Options L and III - Impact of Change from S-Band to X-Band 

It was commented at the Fourth Quarterly Review that the GOES program may have to move 
from its present S-band allocation to X-band (7 to 10GHz), 3S the TIROS prorpam appears to be 
doing. If serious consideration is being given to such a move, it is critical that the implications be 
analyzed. Another alternative could be the incorporation of a GPS receiver in'o the GOES-N 
spacecraft to provide ranging information. One advantage of using GPS is thtf orbit 
determination computations could be performed directly by the on board computer (OBQ. Use of 
Advanced Tracking and Data Relay Satellite Systems (ATDRSS) or GPS wruld eliminate the 
need for terrestrial tanging stations, reducing system operations costs. 

8.10.4 Options D and 111 - Controls: Orbit Determination Accuracy 

The attitude control system being proposed for Options U and III requires a two-station ranging 
capability to provide sufficient orbit determination accuracy. This requirement was not stated 
until the end of the study effort and, as a result, was not analyzed. A sti.dy is needed to develop 
alternative ranging system configurations and their cost Implementation of this two-station 
ranging may eliminate the need for using the GVAR link for ranging. "Ihe use of the NASA 
Advanced Tracking and Data Relay Satellite Systems (TDRSS) spacecraft to provide ranging 
services should be studied. These new spacecraft are being designed w ith the capability to 
communicate with geosynchronous spacecraft. 
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9.0 INSTRUMENT DESIGN CONSIDERATIONS 

9.1 Imager Configurations 

9.1.1 Improved GOES-I Imager (Option I) 

When the study team defined the three options presented in this report as strawman spacecraft 
systems, the ooocept underlying the Option I spacecraft was that of a minimal cost program based 
almost exclusively oo the GOES l-M heritage. This implies that GOES-N would be virtually 
identical to GOES-M in all respects, with changes only where cost and efficiency improvements 
could be made. The assumption is therefore that GOES-M instruments will meet the core 
requirements, which in most cases are those currently specified tor GOES-1. There have been, 
however, some problems with the GOES-I development, the de facto heritage for this study, 
which led to broadening the Optioo I Concept to allow instrument changes where the fundamental 
design approach is not changed and where the changes do not alter the spacecraft interface, Le., 
power, weight, volume, footprint, t elem etr y , etc.. The changes to be incorporated were subjects of 
many of the study tasks, and so could not be specified until the completion of those studies. 
However, as reported in this and other sections of this final report, they included such things as 
relocation of the east-west soaft encoder to the motor side of the shaft, a two-point minor 
mounMbe use of optical encoders in lieu of inductosyns, the use of different structural mai«iak 
and changes woich mi ght be identified which could offer i mpro ve m ent of the signal-to-noise 
ratio of the instruments. 

Studies of the effects of relocation of the east-west shaft encoder and incorporation of a two point 
mirror mount were carried out with (surprisingly) negative results; Le., those changes did not 
improve the pointing pe rformance of the instrument scanner. The optical encoder trade study 
(Section 10.4.2.2-1.2) produced mote positive results, but, based oo significant non-recurring 
costs, this modificatioa was deferred to the Option n instrument. The redesign of the structure 
using low temperature coefficient materials (Section 10.4.1.3.1) offers significant improvements in 
pointing performance, but violates the guideline that the Option I instrument is to be essentially 
the same design concept as GOES-I. Th'S modification is deferred to the Option III imager. The 
studies have identified the focal plane temperature as the principal driver of signal-to-noise 
performance. 

One modification which is recommended and not incorporated currently in the GOES I-M 
program is positive temperature control of the aft optics. This change could be incorporated with 
likely negligible impact to ttae spacecraft interface, and may ultimately be required to approach the 
specified performance requirements for channel-to-channel co-registration. Overall image 
quality and calibration accuracy can be improved by dc restoring on every available space loot, 
rather than at two minute tuervais as was planned for GOES-I. The GOES-I bus has been 
modified to dc restore on every ether space look when imaging a full disk and optional space look 
every 9.2 and 36.2 seconds cn smaller frames. This will significantly reduce the effect of 1/f 
noise, and is recommended for the Option I imager. The AOCE software must be modified to 
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eliminate discontinuities in the 1MC signal during scan turn-around. It is assumed that this 
modification will be incorporated at some point in the GOES I-M program. It is a'so 
assumed that at some point in the GOES I-M program a srable, full time coherent error integrator 
will be developed. This may be necessary to achieve within frame registration requirements at 
end-of-life. 

Improvement of the NEAT for the imager through lower focal plane temperature should be 
achievable in Option I by changing the surface finish of the Astromast boom to a specular, low 
emissivity reflector. Analysis shows that this change alone results in an operating temperature 
advantage of nearly 10K to a control temperature of about 92 K for either the imager or the 
sounder. The detector noise limited performance at the 92K control temperature would result in 
improved NEAT at all wavelengths, potentially by a factor of two relative to GOES-I. 

Although they were not- identified as funded cost-cutting or efficiency studies early in the 
program, several suggestions have arisen during the course of the program that should be 
incorporated in the GOES-N imager. These are discussed in Section 7, and include improved 
procedures for accomplishing "hannd-to-channe] alignment in instrument level thermal vacuum 
lest through remote adjustment mechanism, and potential use of flex pivots in the east-west scan 
axis. 

Figure 9.1. 1-1 shows the general instrument arrangement and important spacecraft interface 
information for the Option I imager. Although the concept had beez to maintain the spacecraft 
interface unchanged, the weight allocation allows modest growth over the GOES-I instrument to 
accommodate the changes recommended. The remainder of the information in Figure 9.1. 1-1 
reflects die status of the GOES-1 imager. 

The optics and focal plane arrays for the Option I imager are identical to the GOES-I imager. 
Collected light is spectrally separatee through dichroic beam splitters and individual filters to 1 
visible and four IR focal /lanes, with detector arrays in each focal plane acting as field stops. All 
individual focal plane arrays are required to be co-registered in object space, placing stringent 
requirements on the stability of the complex aft optics. Figure 9.1. 1-2 shows the required 
superposition of foe"' plane arrays in object space for the Option I imager. The redundant IR 
detectors are realized by utilizing linear detector arrays of four elements (two elements in the case 
of the 8km IFOV channel 3) and only utilizing half of them at any time. The eight visible 
channels, as in GOES-1, are not redundant in the Option I imager. 

9.1.2 Seven-band Imager (Option F!) 

In the progression of cost and complexity of the successive spacecraft options, the principal 
improvements incorporated in the Option 11 spacecraft system are: 

1. the elimination of the solar sail to improve the instruments' passive cooler operation and 

2. the improvement of system INR performance through a zero momentum, stellar referenced 
spacecraft attitude control system (Section 10 is for details of these changes), and 

3. the incorporation of a high resolution sounder, as described later in this section. 
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Changes e o (be GOES-I imager were 'united to those that could be incorporated at- modest cost to 
provide some of the additional perform;, ace requested or to provide significant performance 
improvement. The design concept wat berefore not changed. Those additional channels 
requested by NOAA which can be rcalixd with uncooled detectors, i.e., the 0.86f<m channel (Si 
detector) and 1.65pm channel (InGaAs detector), arc added since that change does not impact the 
cooler design and performance and has relatively small physical impact on the instrument In the 
area of pointing performance of the instrument, the studies indicate that the single most productive 
change, short of a complete structural redesign of the instrument, is incorporation of optical 
encoders in lieu of the inductosyns used in GOEi T scan mechanism. (3 inch diameter encoder 
discs are modeled to be compatible with the existing scan drive structure). 

As stated before, the elimination of the solar sail and the incorporation of the half-yearly 180 
degrees yaw maneuver discussed in Section 10 yields a high degree of confidence that the 
85K operating temperature can be achieved. In fact, the study results promise that further work in 
the cooler area is justified to achieve even lower operating temperatures without resorting to 
mechanical coolers. 

Figure 9. 1.2-1 shows the spacecraft resources allocated in the cost model. Sensor module 
physical dimensions are identical to the Option I imager, while the electronics module has been 
slightly enlarged to accommodate the additional spectral channels. It is estimated that either 
version could be built within die same allocated weight- Power is increased modestly to 
accommodate the additional spectral channels. 

Figure 9.1.2-2 shows the added spectral channels in object space. The two additional channels 
are de redundant in the cost model, following the pattern for the 4km IFOV cold IR channels 
wh. are unchanged from Option L The visible channels are still not redundant in this model, 
but it is highly recommended that the temporal performance improvements which could be 
realized by incorporating the eight additional detectors and powering all detectors be investigated 
if the Auxiliary Imager of the Option III system is not incorporated. 

9.1.3 Advanced Imager (Option III) 

The Advanced Imager is conceived as a totally cew instrument design with the capability to 
provide all of the additional spectral bands requested by NOAA, in most cases at the requested 
spatial resolution, and to provide significant improvements to the pointing performance, channel- 
to-channel co -registration and thermal stability of the sensor module. While the instrument is 
eoiisidered a totally new design, it has several design features which address limitations in the 
GOES-1 design approach vhen the. stringent requirements for GOES-N are imposed. These 
differences form the basis for the discussion of the proposed Advanced Imager. 


155 



km IFOV 


r— 




. t 

> 

a) r-» £ 

H ^ 6 

O 6 

O —> 

3 c: • z. 



fa- 6 

< O o 

< o ~ 


M ^ 

Qh-O 

Qh«n 

-O 


r a 

3 U 

O' • 

e w 

3 fa) *»<N 

3 fa) - 

* N 

JC 40 

Q ho\- 

Q 8-* 40 

<n — 

• 

fa) Id • 

W fa) — 



(f) 


< 

a 

c 

c: 

CL 



O 

o 



156 




8 km IFOV 
( 6.75 pm) 







co 

> 

<a 





<co 
cc • 

Hi 

z 

Hi 

CD 


CO < 

§* 

■*c — J 

oa < 

o 

£o 

-Hi 
CC h- 

z < 

^CC 
CO < 

>gi 

CO CO 


o s 5 

OUJ a 

cc> a 

CL I- 00 

a. < *- 
<Qk 

CC < CO 
Hi CC < 

t CC 2 
5 tiJ O 

J-Ok 

$o < 

Hi cc O 

m — z 


CC 

LU 5 
> — 

o£ 

o- I— 

O 

£C < O 

< LU U_ 
Ui Q_ — , 
> 

U J2 

nj it; ~ 

\G 3 fZ 

-<2 

rCn 

o>o 

£< 2 

• • 


£ 

sg 

I"- CO 

& O 


df° 

of 

CO o 
Z LU 
Hi -J 
CO Hi 


O Aft 

a e 

co 

<* tn co 

CL 

Q. f_ Hi 

«QD 
CC Gj ri 

gsi 

O -i 

2 iff 

o o 


157 




The first significant change is the use of near zero temperature coefficient materials and .more 
efficient structural geometry to improve the pointing errors induced by diurnal thermal distortion 
In this manner the dynamic range of correction for these effects to be applied by the IMC 
subsystem can be greaJy reduced. More importantly, the non-repea tabic portion of the thermal 
distortion, which cannot be corrected, will also be reduced. These changes are described in more 
detail in Section 10.4. i. 3. 

The second major change is the use of spatial separation of 1R spectral channels in a common 
extended focal piane rather than the separation by beam splitters as implemented on GOES-I. It 
appears unlikely that the aoauacy and stability of co -registration required FOR GOES-N can be 
practically realized with the complex aft optics required by the beam-splitter approach, 
particularly as one adds more of the requested spectral bands. Figure 9.1.3-1 shows the extended 
focal plane proposed for GOES-N. With this extended focal plane, the fundamental co- 
registration accuracy (within the limitations of the optical extended FOV) is determined by the 
accuracy of the fabrication process used to assemble the focal plane, a more manageable problem 
than maintaining the mechanical stability of multiple beam splitter paths in the aft optics. One 
beam splitter is still envisioned to separate the warm and cold focal planes, but this beamsplitter 
has incorporated precise tL^nnal stabilization and an in-flight alignment adjustment mechanism to 
superimpose the two focal planes in object space. 

The warm and cold focal planes of Figure 9.13-1, while shown separately, are intended to be co- 
registered in object space. The model includes redundant detectors for all channels, which are not 
shown in the figure, but would be obtained in the same manner as for Option 11, i.e., the detectors 
arrays are doubled in the north-south dimension. The visible channels are shown as 1km IFOV 
channels, rather than the 0.5km requested (ROl). The higher resolution is feasible in the 
instrument, using TDI to achieve the required signal-to-noise, but has a large impact on 
spacecraft communications and power and on ground processing. For this reason the 1km IFOV 
was retained in the model. A very similar situation exists with respect to the 3.9pm channel 
where a 4km IFOV is provided rather than the 2km requested, and the required NEAT is not 
compatible will, a single 2km detector. 

With extended focal planes, the problems associated with image rotation inherent in a two axis, 
single mirror scanner such as that used in GOES-T are exacerbated. Image rotation is one of the 
more significant error sources requiring correction in navigation and wi thin-frame registration 
performance in the GOES-I concept, even with the smaller focal planes used there. It could be 
compensated by an optical image de-rotater in the instrument, a complex mechanism which would 
have its own problems. It is preferable to eliminate the image rotation at the outset, which is 
accomplished by the next significant design feature of the Advanced Imager, the incorporation of 
separate scan mirrors for the east-west and north-south axes. Unfortunately, as discussed in 
Section 9.2.1 . 2 , even with a dual mirror scanner, the extended focal plane envisioned for the 
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FIGURE 9.1 .3-1 

Option III Imager Focal Plane Array 




Advanced Imager remains a source of channcl-to-channcl misregistration if one uses the concept 
of on-board IMC. The magnitude of misregistration is proportional to orbital inclination. 
Channel-to-channcl (IMC) registration within the spacecraft system to 14pr, as being attempted 
on GOES-I, would require orbital inclinations no greater than 0.05 degree. Alternative!) since 
the channel- -to-channei misregistration is deterministic, the problem could be addressed by 
resampling the data stream in on -ground processing. Either approach appears feasible, although 
the image re-sampling and continuous stationkeeping studies proposed (for other reasons) but not 
funded at the beginning of the GOES -N study should be completed for confirmation. 

Absolutely limiting the inclination to 0.05 degree necessarily result in loss cf mission life (or 
degraded performance) at the eud of the mission. The optimum performance during the principal 
part of the spacecraft lifetime and satisfactory performance during the last year or so of operation 
can be obtained by providing both capabilities, i.e., limit the inclination during the "mission 
success" lifetime and provide resampling to extend the lifetime after the thruster north-south 
stationkeeping phase of the mission is complete. Note that discussions with NOAA have 
indicated that resampling on the ground before data distribution is currently part of NOAA 
planning, independent of this GOES-N study. 

Figure 9. 1.3-2 shows the configuration of the Advanced Imager. Incorporation of the second 
scan mirror is the principal cause of the growth in volume and weight relative to the Option u 
imager. The weight allocation was obtained by scaling up from the Option II Imager, and ihus 
does not reflect significant weight savings which should be realized with GFRP fabrication. 

Power has been increased to allow for the additional spectral chancels and see ; drive. 

The optical performance of the Ritciiey-Chretian telescope has been modeled, rather than the 
conventional Cassegrain of GOES-I, and it performs quite adequately over the extended focal 
plane which covers only ± 1.5mr of the telescope extended FOV, as described more fully in 
Appendix D.5. However, an off-axis telescope, three mirror design has the potential for much 
reduced sensitivity to the thermal distortion problem as well as an even broader FOV. This 
possibility, as well as the structure’ design consideratio ns for r- rW - -» composites, shoula be studied 
more extensively in a full Phase-A/B/OT) instrument development, 

9.1.4 Auxiliary Imager (Option III) 

The desire for an Auxiliary Lnager has been identified as an enhancement in the NOAA documert 
and as RE15 in this study. This full disk imager could relieve the conflicts for observation time 
expected to develop with increasing mesoscale imaging requirements if only the basic primary 
image r were to be available, it would also provide redundancy and assure continuing service if 
the primary imager failed. The only explicit requirements in the NOAA document call for full 
disk imaging with resoh.uons of 2km in the visible and 6km in the IR. This is identified as a 
highly desirable enhancement but concerns were expressed as to the size, weight, power, cost and 
data rate impacts on the system. 
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FIGURE 0.1.3-A 
Opllcn III Imager Configuration 




9.1.4.1 Auxiliary Imager - Requirements 


BASIC FJ^UIRJEMENTS: ?...>• 

2 BANDS 
KJFOV 

1 VISIBLE 

2 tap VISIBLE 

1 IR 

6km LWIR 


IMAGE NAVIGATION & REGISTRATION 

RADIOMETRY 

CO-REGISTRATION 

COVERAGE 

COMMAND ABLE PARTIAL NORTH-SOUTH SCANS 
SAME SCAN RATE AS TULL DISK* 

2X NEW IMAGER 
&sME AS NEW IMAGER 
SAME AS GOES-I SFFC^CaTION 
"FULL DISK" 30 MINI* . MAXIMUM. 
INCLUDING ALL OVERHEAD 


9.1.42 Auxiliary Imager - Conventional Impiementation 

An additional instrument to provide these capabilities could be built based on a new -design or on 
the ATS -6 GVHRR and INSAT heritage. The 1NSAT VHRR is still in production at ITT and 
served as the primary basis for the estimates of the Auxiliary Imager for GOES-N. Significant 
modification of the instrument optics, detectors and signal processing are required in that the 
INSAT resolutions an. 2.75km in the visible and 11km in the IR. Further modifications are 
required to die INSAT imager to meet the INR requirements of GOES-N. 

To assure that the sensor can meet the INR requirements, a diurnal thermal analysis must be 
conducted to establish that the diurnal pointing distortions are within the INR allocations. INR 
thermal shields may have to be added to bring thr rate of change of the line of sight to acceptable 
levels. 

The INR system will require significant modifications to the INSAT imager in the command and 
control of the pointing of the instrument. A star look capatvliry is required which will require 
adding command registers and modifying the servo system, detector signal processing, and the 
wideband data formatter to flag the operating modes. 

There are two alternative approaches to providing the IMC and MMC corrections in the Auxiliary 
Imager. 

1. If the*: corrections are provided ioan 'oer similar to GOES I-M, then an analog (or 

possibly a digital) input must be provided for the iMC (-‘-MM signal to be generated by 
the AOCE computer. The imager must also add a new output hich will provide the 
"present scan address’ information to the AOCE computet that it requires to compute IMC 
corrections. Additional modifications may be required to the instnment to accommodate 
the north-south and east-west pointing servo requirements to apply the orbital effects 
IMC as we!) as timing delays in the system, such as the extra 3 or 4 "dead" scan lines 
after star of s'-ace looks, etc. 
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If the IMC corrections are provided using an INR computer in the primary imager then the 
auxiliary imager should be designed to incorporate an INR computer capability. In thi< 
mode of operation the equivalent of tbe GOES-I Orbit and Attitude Tracking System 
(OATS) on the ground would generate tbe IMC information and upload it to tbe INR 
computer in tbe Auxiliary Imager via tbe spacecraft command system. Tbe Auxiliary 
Imager must be modified to accept inputs from tbe AOCE compiler which contain 
spacecraft motion compensation (SMC) information and Orbit Position information. The 
SMC signal provides corrections to the line of sight to the pointing minor for disturbances 
that are sensed by tbe AOCE system but not frilly corrected. The orbit position 
information is needed by tbe INR computer Li tbe auxiliary imager to generate the 
corrections to tbe instalment pointing to oonpeoule for tbe distortions of tbe scene 
resulting from deviation of tbe spacecraft in orbit from its ideal geostationary location. 


9. 1.4.2 1 Auxiliary Imager - Summary of Implementation Impact Using an Additional Instrument 



30 X 65 X 30cm, PLUS COOLER 

ELECTRONICS 

30 X 45 X 2Scm 

TOTAL WEIGHT 

46kg 

POWER 

60W 

DATA RATE 

1.75 Mphs 

TECHNICAL 

LOW. BUT SIGNIFICANT MODIFICATION Of EXISTING DESIGN 

NON-RECURRING COST 

MODERATE TO HIGH 1 

RECURRING COST 

HIGH ] 


9.1.43 Auxiliary Imager - Alternate Approach 

This is a proposed alternate approach to achieve tbe functional capabilities of tbe Auxiliary 
Imager, Enhancement RE15, with a low cost, light weight modification of the GOES I-M imager 
(for any spacecraft option) that will provide the full spectral, radiometric and INR capabilities ' i 
tbe primary imager with enhanced redundancy in the primary imager. 

The basic concept is to provioe "continuous” full disk capability as well as small sector capability 
by making the primary imager have twice the coverage rate of the present imager and time 
sharing the system on a predefined schedule so as to provide full disks every 30 minutes, and 
have no time discontinuities in the data used for wind determination. 

The imager coverage rate will be doubled by adding 8 visible detectors to the present 8 detectors 
(as has been done for the Option III imager already) and activating the redundant IR detectors that 
are already in the focal plane and adding the necessary amplifiers, multiplexers, etc. This will 
allow the imager to step 16km north-south after every line rather than the present 8km. The 
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cast-west scan rate will tcniain the same. Assuming that the cooler can be modified to 
accommodate the extra heat load, the radiometric and geometric performance will be unchanged 
from the present capabilities. This will, of course, double the data rate from the instrument 

It should be noted that the concept described above could be applied to the seven-band imager or 
to an Advanced Imager using 2 scan mirrors and an extended focal plane. 

The unmodified imager takes about 25 minutes to cover a ± 60 degree "full’’ disk image. The 
high speed imager, described above, will cover the same area in less than 13 minutes. This leaves 
17 minutes of each half hour available for other observations, star looks and calibration. 

Following is a time line to illustrate a 1/2 hour interval: 


Minutes (read vertically) 

0000000000111111111122222222223 

012345678901234567890123456789 r 

XXXXXX3UZX3ULXX2nXXXXXXXX30UUC2UUUUUti. i 

“Full" Disk Other Observations 

Note - “x* represent time available for other observations 
'B' is the time for a black body calibration 

This provides a gap free full disk every 1/2 hour for wind field determination aid other uses, but 
the time distribution for other observations may not be optimum. 

if it were desirable to get the other observations on a more uniform spacing, Le., every 10 
minutes, the following schedule could be used. 

The time continuous data from the ’full disk" image that would be used for wind field 
determination ooukl be acquired in 3 segments. The first would begin on the hour or 1/2 hour, 
start a or near the north pole and scan down to 15 degree latitude, aid take less than 5 minute. 
The next 5 minute are available for other observations. Starting a 10 minute past the hour or 1/2 
hour the central 1/3 of the image could be acquired, but with an overlap of about 128km between 
the end of the first 1/3 image and the start of the second 1/3 of the image. The next 5 minute are 
available for other observations. Starting a 20 minute past the hour or 1/2 hour the last l/3rd of 
the full disk image could be acquired with another 12Skm of overlap with the end of the middle 
3rd of the image. The wind field determination would be done on the third disk images which are 
continuous in time and uniformly spaced every 1/2 hour. The overlap will assure that no cloud 
moves off the set of images over the time between images. A single image of a full disk would 
have two small discontinuities, of 5 minute of cloud motion each, in the image a about 15 
degrees north and south latitude. 
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Following is a time line to illustrate a 1/2 hour interval: 

Minutes 

0000000000111111111122222222223 

0123456789012345678901234567890 


1/3 Disk 1/3 Disk 1/3 Disk 

Note - "x" represent time available for other observations 
*B" is the time for a black body calibration 

With the imager running at "double rate" in a single S minute interval H could observe two 3,000 
x 3,000km regions and five 1,000 x 1,000km regions. Ibis set of observations could be repeated 
every ten minutes. 

The improved imager could operate and provide foil capabilities in this faster mode until a 
detector fails. After a failure, the instrument could cither operate with gaps in the data doe to a 
missing detector or the imager commanded back to the old mode of stepping 8km north-south 
after every line end provide a reduced coverage rate with gap free data. This proposed system 
would provide fill! redundancy for the visible detectors, which currently have no redundancy. 

9.1.43.1 Auxiliary Imager - Summary of the Implementation Impact lUig an Alternate 
Implementation 


The following are in cr e as e s or deltas to the 7 band or new imager to accommodate the changes to 
provide the alternate implementation Auxiliary Imager capabilities. 


SIZE DELTA 

- 15 X 10 X 10cm 

WEIGHT DELTA 

-2kg 

POWER DELTA 

-5 W 

DATA RATE 

TWICE THAT OF THL PRIMARY IMAGER 

TECHNICAL RISK 

LOW, BUT SIGNIFICANT MODIFICATION TO 7 BAND 
DESIGN 

NON-RECURRING COST 

MODERATE TO HIGH 

RECURRING COST 

w 

MODERATE 
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9.2 Imager Performance 

9-2.1 Imager - Spatia* Performance 


9. 2. 1.1 Imager - Resolution aw* Cloud Smearing 

The resolution of the imager is limited by three factors: telescope optics, electronic filtering, and 
IFOV (detector size). These factors tend to blur die details within each scan line, causing sharp 
vertical edges to appear as mote gradual changes 

An analysis was performed on each of the five imager channels. GENII software was used to 
model the optical cha r acteristics of each channel, and in— house software by Swales A Associates 
was used to model the electronic fillets. A complete description of the analysis is presented in the 
Appendix D.l entitled "Cloud Smearing Study." 

The analysis showed that it is not possible to meet the requirement that the output re ach 
93% of its final value within a distance of 1 EFO V. Instead, the requirement should be restated in 
terms jf ground distance. For example, the output should reach 98% of its final value within a 
scan d i s t an ce of X kilometers. When stated in this way, an appropriate combination of detector 
size, optics and filtering could be chosen to satisfy the requirement 


If it is of interest to measure the absolute radiance of doud tops, the system output nitK* - A only 
achieve steauy state, but it must u 'u nta in it long enough to ensure that a sample is nVwi while the 
output is at steady state. The analyst showed that douds must be 2-3 IFOV’s wide in wider to 
have confidence in absolute radiance measurements. 

The normal choice for the 3dB cutoff frequency of the electronic filter is the Nyquist ffc^aency: 
*ntt- * 1 / (2 TbwX where T**, equals the dwell u*«e, or the required for the IFOV to scan 
its own width. This choice yields the maximum achievable signal-to-coise a: .x Nyquist 
frequency, and results in a filter MTF of 0.707. In order to increase the MTF of the filter to n 95, 
the cutoff frequency mucr be increased by a factor of 2.2. % will result in a substan tia l noise 

pena.ty, and is not a recommended way of improving the resolution of the system. In f yf, it 
could be argued that in the long wavelength bands (channels 4 and 5) even tighter filters should 
be used since diffraction and optical aberrations are substantially bandllmiting the system 
response. Using tighter filters would lower system noise with a minimal p enal ty to the system 
response time. 

to addition to smearing the details of a se n line, the optics mid filters will delay the entire line. 
east-u>-west (ear -west) scans will be delayed to the east, and west-to-east (west) scans will be 
delayed to the west These delays can be easuy corrected within the instrument, given orcasc 
control of sample timing, so that their effects can be negligible to the reconstructed image. 
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TIME (MILLISECONDS) 

FIGURE 9.2. 1-1 EFFECT OF BI-DIRECTIONAL SCAN ON IMAGE QUALITY 

Show* a cloud approximately 3 IFOV8 wide a* loan In Iha vlalble channel from a WB lean oomparad to lha urn* cloud viewed from an 
E-W lean attar eotrecilon lor 51 mleroauoond channel delay. From ITT Internal memo, ft Krlahna to C, Young, Aug.nl 21, tgae. 



The only remaining differences between east-west and west-east scans wiil be caused by 
asymmetries in the response of the electronic filter. The Thompson-Butterworth filters that arc 
being used in GOES -l have very little overshoot and exhibit excellent symmetry properties. 

Figure 9.2.1 —1 illustrates the asymmetry for channel 1 when bi-directionally scanning over a 
doud that is approximately 3 IFOVs wide. 

As one moves to longer wavelength channels, the effects of diffraction become mote significant 
and the effects of the filter become even less, as demonstrated by the spatial weighting functions 
for the five GOES-1 bands in Appendix 0.1. Figure 9.21-1, therefore, represents the worst-case 
effect of bi-directional scanning on image quality. Because spacecraft options assume use of the 
Nyquist criterion for a given IFOV and spectral band, this analysis applies to all three instrument 
options. 


9.212 Imager - Co-Registration 


The chatmel-to-channel registration requirement is to have a mis-registration no greater than 
0.5km. This has been identified as requirement RC4 and interpreted in this study to be a 3o 
value of OJkm at nadir, or 14 pr. This is a very dc -landing requirement, especially when ^iplied 
to IR channels with IGFOVs of 4 to 8km (112 to 224 fir) and when visible to IR co— registration 
at these levels must be met between different focal planes. The project is not confident of 
meeting this requirement for any of the imagers proposed under this study. The predicted co- 
registration performance in microradians is given in Table 9.21-1: 

TABLE 92.1-1 

PREDICTED CO-REGISTRATION PERFORMANCE OF THE GOES-N IMAGER 


agbrpoN . 

J 'Vf. vXv 1 '* ' 

Our) 

r . PREDICTED 4 
‘ FERFORlilANCE 

N ■“ , ■ k Wy V . 

o*) ; 


GOES-I 

28 

60 

FLIGHT I IMAGER 

OPTION l 

14 

50 

IMPROVED IMAGER 

OPTION II 

14 

40 

7 BAND IMAGER 

opnoN hi 

14 

28 

30 

NEW IMAGER 
ADDITIONAL IMAGER 


** Additional imager performance depends upon approach selected. If an independent small 
instrument is used, die estimated cc -registration performance is 50pr and, if the capability is 
achieved by speeding up the coverage of the primary imager, the performance would be the that 
of the selected instrument. 
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9.2.1 .2.1 Imager Co- registration - Options I and II 

T c Option I and II imagers ^ * the ITT version of the Auxiliary Imager all use ‘•cam splitters to 
send the various channels to different detector arrays and a planet lenses in the IR channels to 
provide a high optical speed (f# of about 1.0) beam onto the detectors which minimizes the 
detector size and, thus, its noise. In these systems, co-registration mid focusing is aicomplisbed 
by the physical rotation and translation of beam splitters, lenses, and deteciors. This allows the 
various spectral bands to be optically overlapped aid minimizes the impact of the image rotation 
that occurs with a one minor scanner. There air generally large physical separations between the 
visible and IR detectors which ate mounted to different structural areas of the instrument 
Handling, test and launch vibrations, and the diurnal and seasonal temperature variations that the 
instruments will experience will all cause the co-registration of the spectral bands to vary during 
the life of the instrument 

The GOES-I flight I imager has improved thermal isolation of the relay optics that contain the IR 
beam splitters to reduce the d ,v nal thermal cycling of this component which will reduce the 
magnitude of this source of co-registration errors. It docs not have any in-chamber or in-flight 
adjustment of the visible to IR alignment There are no precision measurements of the co- 
registration after the instrument is sent to LAS horn ITT. The study team has estimated the 3o 
co-registration performance of this instrument over its life to be that in the above table. 

The Option T, improved imager, will have in-fligbt visible to ER adjustment capability and 
perhaps temperature stabilization of the relay optics containing the IR beam splitters. This will 
lead to the improved performance. 

The Option II , 7 band imager, will have 3" optical encoders to improve the pointing accuracy, 
two new warm focal planes to provide the 0.865pm and 1.65pm bands. There will be in-flight 
adjustments of the alignment of the warn: focal planes, the relay optics will be redesigned to 
improve its stability, it will be tet:peratiue stabilized and some supperting structures may be 
changed to improve their stability. These change are estimated to further improve the 
performance as indicated in the Table 9.21-1. 

9.21.2.2 Advanced Imager Co- registration 

The Option III, new or ao ranccd imager, will be an all tew design using a GFRP structure, a two 
mirror scanner, optica' encoders and an extended focal plane. The two minor scanner does not 
introduce any image plane rotation with scanning so that it is feeble to lay the detectors for the 
various spectral bands one after another. Figure 9.1-3— 1. Because of the wide angular extent 
(approximately 0.15°) of the set of IR detectors the speed of the optical beam must be slower, 
typically with an f# of 2 or 3. This incre. ses the detector noise beca x larger detectors must be 
used, bit the layoc*. allows for TDI techniques by using more detectors along the scan direction 
for those few spectral bands that require better performance than can * e achieved by a act of 
single detectors. This design also incorporates the spectral defining filters directly over tl. : 
detectors and does not use any beam splitters. This increases the throughput sr that more signal 
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photons fall on the detectors and helps compensate for the performance loss due to detector size. 
The co-registration alignment then occurs primarily during the fabrication of the focal plane and 
in control of the telescope focal length and sample timing so that the improved co-registration can 
be achieved 

There is a problem with an extended focal plane when 1MC corrections are applied to the scan. 
East-west accelerations can be compensated for by dynamically adjusting the sampling rate to 
maintain co-registration. North-south accelerations will cause mis-registration that can be 
compensated for by either rotating the image dynamically during the east-west scan, limiting the 
maximum inclination angle, or resampling the data on the ground. Dynamic rotation 
compensation introduces many undesirable complications to the design. The approach selected for 
Option III is to keep the indication below 0.05 degree. The approach is to correct the indination 
error, which grows about 0.002 degree daily, every day when the wheels are being unloaded from 
the solar pressure effects that occur since the Option III spacecraft does not use a solar sail. 
Keeping the indination down to these levels will keep this effect to about 5 pr and allow toe 
performance projected in the table above. To maintain the INR performance it will be necessary 
to have continuous two station ranging data about every 10 nrnute with an update of the orbit 
every few hours, ft should be noted that with these small inclinations the required IMC signals to 
compensate for orbital effects are very low and should present no problems to the pointing 
system. 

9.2.2 Imager Radiometric Performance 

Table 9.2.2-1, reproduced from the find study review briefing, shows the spectral bands and 
spatial resoluion under consideration for the new imager. Also shown are the projected 
performance for each combination as calculated by both ITT and SBRC. There are important 
differences in the two instrument concepts envisioned by the contractors. The ITT instrument 
would be an extension of the design of the GOES I-M imager, in which dichroics are used to 
create spatially registered spectral bands with each band having its own separate optics and focal 
ratio. The SBRC instrument uses an extension of Thematic Mapper (TM) focal plane architecture, 
in which all the spectral bands are aligned to a common focal surface and have a common optical 
path and focal ratio. The ITT approach measures the radiance from a common ground patch 
simultaneously in all bands but has more aft optics complexity. The SBRC approach measures 
radiance from a common ground patch as a time sequential event as the scanned image element 
passes from one spectral band to the next in image space. Band-to-band registration depends on 
precise control of the scan motion from one IGFOV to the next. The SBRC concept has lower 
optica’ complexity. 

There are differences in the two predictions. Looking at the 6.75pm and 7.3pm spectral bands at 
4km IGFOV both contractors use a nominal F/3 optical ratio, but SBRC projects a detector that is 
3 times higher performing than ITT selects. In the 13.7pm and 12pm spectral bands ITT uses an 
F/1.47 while '.BRC uses an F/3.3. However, SBRC projects a detector with 2 times the 
performance of the ITT detector for this spectral region. In the 13.35pm spectral band the 
difference is only in the focal ratio; SBRC uses F/3.3 to lTTs F/1.47. The detectors have 
essentially the same poformance for both companies in this spectral band. 
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It may be dissatisfying to have this diversity of results; however, it is informative. The 
performance is driven by the selection of design approach. There are certain performance desires 
that are difficult to achieve and, therefore, higher risk. The 2km/3.9pm band is difficult in both 
instrument concepts. The 0.5km visible band (0.65pm) decs not have acceptable performance. 
The ITT approach has significant problems in the 4km/6.75pin and 4km/7Jpm bands. No 
sensitivity requirement has been stated for the 1335pm band; thus, no comment on the 
acceptability of the projected performance can be made. It is recommended that all improvements 
in resolution be deferred at this time to avoid stressing the technology and adding complexity in 
the cold focal plane by requiring a major increase in the detector count. 

TABLE 933-1 

PREDICTED PERFORMANCE VERSUS SPECTRAL BAND 
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9.3 Sounder Configurations 
9.3.1 Option I 'ounder Configuration 

In keeping with the concept of the Option I spacecraft system as a minimal cost approach to 
GGES-N. changes to the space* raft and instruments from the GOES-! configuration are limited 
.0 those for cost and/or efficiency improvements and those instrument modifications offering 
significant performance benefits without significant impact to spacecraft interfaces. The Option I 
sounder design concept is therefore identical to GOES -M. It is a filter wheel radiometer with 
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eighteen infrared spectral channels arranged in three spectral bands on the filter wheel. Each 
spectral band has an array of four detector channels, each with a nominal 8.66km diameter IFOV, 
which receive radiation through common spectral filters sequenced in that particular band of the 
wheel. One visible spectral channel with four detector channels of 8.66km diameter IGFOV is 
provided on one separate uncooled focal plane, and eight 1km square IGFOV star sensor detector 
channels are provided on another. 

The detectors' FOV are scanned over the scene in object space by a two-axis gimballed minor. 

In order to accomplish the required sounding rate for GOES-I. Each sounding must be completed 
in 100ms. The scan drive related studies described in Section 9.1.1 which were carried out with 
negative results for the imager are equally applicable to the sounder, i.e., no "easy fixe"" for the 
difficulties experienced with the GOES-I scanners have been found. 

Significant improvement in the sounder NEAN is limited by the focal plane temperature, w.hich 
can be significantly lowered within the concept of a low cost, minimal impact system by simply 
changing the external finish of the Astromast solar sail boom as described in Sections 9.1.1 and 
9.5. 3.1. A focal plane temperature of 92K should be realizable. 

Co-registration of the sounder ebanneis to the stringent requirements of R025 remains a major 
problem for GOES-N, as discussed in Section 9.4.13. It is recommended that improved means 
of alignment and co-registration of the sounder channels be developed for all spacecraft options, 
as discussed there. It is also recommended, as with the Option I imager, that the aft optics be 
temperature stabilized to avoid the possibility of diurnal drift between channel centroids in the 
various spectral bands. 

Major instrument interface requirements for the Option I sounder are presented in Table 93.1-1. 
As in the imager, approximately 7kg of weight growth in the sounder sensor module relative to 
GOES I-M has been allocated to accommodate the thermal control and alignment modifications 
recommended. In all other cases, the specifications are taken from GOES I-M allocations current 
at the beginning of this study. 

9.3.2 High Spectral Resolution Sounder (HSRS) 

The highest priority change in instrumentation for GOES-N is the development of a new infrared 
sounder that has the projected potential to provide 1km vertical resolution in the troposphere with 
IK temperature accuracy. The characteristics of this instrument have been defined as needing 
0.5cm' 1 spectral resolution in the 15.5fim (660cm' 1 ) spectral region with consistent high spectral 

resolution in the 3.9|un spectral region (nominally 2.5cm' 1 ). The spectral coverage has been 

enunciated as requiring contiguous spectral infoimation over the entire spectrum. Additional work 
is required to verify that this last criterion has a good science basis. 

Three potential instrumental approaches were considered for the HSRS, a grating spectrometer 
similar to the AIRS instrument for EOS, a Fabry-Perct Interfeiometer, and a Michelson 
Interferometer based on the HIS development proposed by the University of Wisconsin, ITT, and 
SBRC for retrofit into the GOES I-M program. Principal findings of this study are summarized 
by Figure 9.3.2— 1 . 
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TABLE 9.3.1 -1 
Option I Sounder Interface 


TELESCOPE TYPE 

CASSEGRAIN 

OPTICAL APERTUhE 

30cm 

SCANNER TYPE j 

TWO-AXIS SINGLE MIRROR 

AFT OPTICS 

BEAM SPLIT THROUGH FILTER WHEEL 
TO 3 IR. 1 VISIBLE FOCAL PLANES 

NUMBER DETECTOR CHANNELS @ 8km 

4 PER FOCAL PLANE, 16 TOTAL 

NUMBER STAR SENSE CHANNELS 
@1km 

8 

SENSOR MODULE FOOTPRINT 

46cm X 137cm Jj 

SENSOR MODULE WEIGHT 

99kg 1 

ELECTRONICS DIMENSION 

67cm X 38cm X 18.5cm | 

POWER SUPPLY DIMENSION 

20.3cm X 15.7cm X 23cm 1 

ELECTRONICS & P. SUPPLY WEIGHT 

34kg I 

OPERATIONAL/PEAK POWER 

105/140 W 1 

TELEMETRY RATE 

40 kbps | 
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FIGURE 9.3.2- 1 

ASSESSMENT OF SOUNOER TECHNOLOGY OPTIONS 
GRATING SPECTROMETER 

• REQUIRES THOU LANDS OF DETECTORS AT THE K AL PLANE 

• A 'NORMAL* PASSIVE RADIATOR NOT FEASIBLE 

• AIRS OPTICS NOT SUITED FOR GEOSYNCHRONOUS ORBIT 

THIS APPROACH NOT RECOMMENDED AT THIS TIME 

FABRY-PEROT INTERFEROMETER 

• EXCELLENT SPECTRAL RESOLU1 ION OVER SMALL FREE SPECTRAL RANGE 
(10 TO 20 CM"’) 

• CAN MET. THE SENSITIVITY REQUIREMENTS. BUT MAY NEED CRYO-REFRIGERATOR 

• STRAIGHTFORWARD CALIBRATION OF DATA 

• US“P COMPLEX ATT OPTICS TO BE ABLE TO COVER NOAA SPECTRAL RANGE 
REQUIREMENT*? A ^tTjGuouS HIGH SPECTRAL RESOLUTION) 

i-ABP r/Aw-; '•’> jv i ir : SED WHEN SELECTED SPECTRAL COVERAGE IS ADEQUATE 

FOURIER TRANSFOKJ V u ’tfl.-EROMETFR (MICHELSON) 

• OPTICAL COMPLEXITY SIMILAR TO A FT TER WHEEL SPECTROMETER 

• DOES NOT MZET CORE TEMPORAL COVERAGE REQUIREMENT WITH PASSIVE 
RADIATOR DUE TO LIMITS ON SIZE AND TEMPERATURE OF FOCAL PLANE 

• USE OF CRYO-REFRIGERATOR WILL SOUND J«00x300oKM IN 60 MINUTES AT HIGH 
SPECTRAL RESOLUTION WITH 10KM IGFGV 

• MUST USE VERY LiNEAR DETECTOR TECHNOLOGY; MAY NOT BE ABLE TO USE 
HIGHEST SENSITIVITY DETECTOR TECHNOLOGY 

• GROUND AND SPACE BASED SIGNAL PROCESSING ARE MORE COMPLEX THAN OTHER 
APPROACHES 

THIS APPROACH OFFERS POTFWALLY LOWER MECHANICAL COMPLEXITY COMPARED TO 
OTHER APPROACHES AND PROVIDES COMPLETE SPECTRAL COVERAGE 

Based on these assessments, the Michelson approach was selected as the basis for determining 
size, weight, and power projections for the Advanced Sounder. While there are clearly problems 
with extension of the AIRS grating technology to geosynchronous orbit, the principal reason for 
selecting the Michelson over the Fabry-P^rot is the requirement for contiguous spectral coverage, 
which is very difficult to satisfy with Fabry-Perot technology. Should reexamination of NOAA 
requirements lead to a mad) more restiicted set of narrow soectral bands, which can be defined in 
advance, the question of the Fabry-Perot vs Michelson approaches should bt reconsidered. 


In order to offer two levels of risk, an Option 11 sound” was configured to use a passive radiator 
with a reduction in its area covet age capability. To help the Option II sounder have better 
performance, we have increased tat aperture to 35cm from 30cm. The Option III sounder uses a 
cryo-refrigerator to achieve focal pknc temperatures in the 60K-65K temperature regime and 
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uses a 30cm (12 inch) aperture. The Option III sounder has a significant performance advantage 
over the Option II sounder, but is considered to have higher risk due to the lack of a demonstrated 
refrigerator lifetime in the current time frame. 

To enhance the Option II sounder capability the GOES-N spacecraft concept is designed to 
eliminate the solar sail parasitic into the passive radiator and the spacecraft performs a semi- 
annual 180 degree yaw maneuver to keep the summer sun off of the cooler. These two factors 
allow a modest sized cooler to be implemented that operates in the 85K temperature regime. 

933 Option D Sounder Configuration 

Section 9.4.23 demonstrates the difficulty of achieving simultaneously the sensitivity, spectral 
resolution, spectral coverage and temporal coverage embodred in the NOAA re quir ements 
document. While the requirements for spectral resolution and contiguous spectral co ver ag e drive 
the instrument con fi g u ration to a Mkfadson interfer o meter approach, as disc us se d in Section 932, 
the re quire ments for sensitivity and temporal coverage drive the spacecraft and in s trum e nt designs 
to achieve lower focal plane temperatures. The 65K focal plane t e mper at u re, which is required to 
approach the overall i n s trum e nt p erfor ma nce of req uire ments, is p robably on!y att aina bl e with 
mechanical re frigerators, bat, at this time, such devices are conside re d to be loo d e v el opmental for 
an operational program such as GOES. While it can be expected that con sid erable advances will 
be made in that technology over the next few years because of the commitment made in the 
NASA EOS p rogram, it is too early to commit GOES-N to that a ppro a ch. The study team 
therefore decided to model both approaches, a passive radiator cooler for Option D and a 
mechanical refrigerator for Option III. 

As discussed in Section 9.12, the principal initiative nndertaken in the Option D system relative 
to Option I is the provision for a HSRS. The system design features which are incorporated in 
addition to the i n s trum e nt approach are largely directed at achieving lower focal plane 
temp e r a tures for the sounder and benefit the imager as well as the sounder. They are described in 
other portions of this report, as outlined in Section 9.1.2- 

Figure 933-1 shows foe general instrument configuration modeled for foe Option D sounder. It 
is a single minor, two axis scanner with a Cassegrain telescope (extended FOV of ±2 mr) 
collecting light for analysis in foe Mkhdson interferometer aft optics. The focal plane 
temperature modeled is 8SK, leaving quite a gap in performance against NOAA objectives. A 
35.6cm (14 inch) optical aperture is incorporated to provide some compensation for foe relatively 
poor performance. Increasing foe collecting area is an expensive method of improving 
performance, doe to the rapidly increasing weight penalty and foe need to maintain optical quality 
and scan efficiency of larger optics and scan mirror. Further increases in foe optical aperture are 
not recommended, because they would severely stress the technology for this instrument approach. 
A cooler for the aft optics is shown schematically in the same location as the filter wheel cooler 
for the Option I (GOES-I) sounder. 
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Detailed analysis for this cooler was not carried out, but operating temperatures below 200K will 
be required if the instrument performance is to remain detector noise limited. The instrument 
weight and volume increases relative to Option I rue driven mainly by the increased optical 
aperture. 

Figure 933-2 is an optical schematic for the interferometer design, taken from "High-Resolution 
Interferometer Modification of the GOES-L/M sounder Feasibility Study* (September 1988). 

The Cassegrain collecting optics is directly scaled up from the Option I sounder. A dkhroic 
beamsplitter at mstnimcm ambient te mp erat u re separates the IR and visible components and 
another beamsplitter separates the visible spectrum to provide the light to separate focal planes 
optimized for imaging and star sensing. 

This study has not addre s sed alter nati ves to the foreoptic s design presented here. There are 
potential advantages to an off-axis, three minor type foreoptic which may fa r outweight the 
larger volume which would be required relative to the Ca ssegra i n (Appendix D.5) The principal 
advantage is that direct flbnuinwtino by sunlight of the second a ry minor suspended u a high 
thermal impedance spider is avoided, si&iificandy easmg the thermal design problem for three- 
axis stabilized spacecraft. Secondly, the extended FOV of such designs is potentially considerably 
better than that for Cassegrain or Gregorian systems, easing constraints placed on focal plane 
technology. Thinly, the unobscured optics wQl result in less diffraction for a given optical 
aperture than for the obs cure d Cassegrain. Further study should be carried out to select a 
preliminary design for the three mirror foreoptic aid to determine the relative advantages of these 
two approaches. 

The depiction of the Micbdsoa interferometer optics in Figure 933-2 is highly schematic A 
more detailed description can be found in Section 2 of the referenced report The proposed 
instrument retains three spectral bands for optimization of detector responsivity vs. wavelength. It 
is important to note that, unlike the GOES I-M sounder, a common field stop (aperture plate) for 
all spectral wavelengths has been placed at the first focus of the Cassegrain telescope The ray 
bundles exiting the field stop are pro c essed through the interferometer in parallel and, finally, are 
re-imaged through an array of fast condensing lenses onto individual detectors much like the 
GOES I-M arrangement. This approach assures that the final data will be spatially registered 
band-to-band at the expense of what may be a difficult problem of registering the condensing 
lens array to the field stop. This particular aspect of the design should be analyzed more dosely 
because of the possibility that vignetting could render the information from one or more focal 
planes useless. 

Moreover, the in-flight band-to-band adjustment mechanisms, recommended in any case, become 
mandatory with this approach. 


As discussed in Section 9.4.13, the requirement for band-to-band co- registration has been 
reexamined in response to concerns of the study team, with the result that such co-registration 
may not be an overriding concern. Thus, an alternative approach similar to that used on GOES-I, 
but with ib-li.'ght adjust mechanisms and thermal control of the aft optics to improve band-to- 
band eo -registration, may be preferable. 
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The study has shown that in order to approach the combined requirements for the GOES-N 
sounder, not only must colder focal planes be at ta i ned , but more detector channels must be 
processed simultaneously. Whereas the GOES -I sounder spatially multiplexes four detector 
channels, GOES-N requirements can only be approached by spatially multiplexing sixteen. When 
various possible arrangements of these channels m object space are com kJered, it becomes 
apparent that the focal plane arrays become considerably lager. Image rotation and extended 
FOV requirements become as significant as they are with the imager. In order to avoid serious 
problems with image rotation without resorting to a two minor scanner as recommended for the 
Advanced Imager, the field stops are arranged as a 2 x 8 array of 8.66km KITOV'S on 30km 
centers east-west by 20km north-south, with the short axis of the array oriented east-west, as 
shown in Figure 933 - 3 . The visible channel food plane array, equivalent to 30 x 160 detectors 
with effective lkm IGFOV is synthesized from a con ve n t ion al OCD with perhaps one fourth that 
IGTOV size. Large detector anays (1024 X 1024) are available at the present time with detector 
sizes of about 25jim. Assumption of an effective focal length of about 336m (f/no = 12) results 
in the smaller IGTOV. The visible mosaic overlays the IR focal plane in object space and 
provides the high-resolution daytime doud clearing function requested (R018). Since the visible 
array is oversized relative to the IR, the very accur a tel y co-registered viable data requested 
(R025, 14pr 3a) can be synthesized. 

Tire larger visible detector array is incorporated to allow a sparse IR sampling mode with frill 
visible data available for doud dealing, thereby greatly increasing the spatial coverage rate. With 
the focal plane array of Figure 933-3, for instance, a “vertical Venetian blind" coverage for IR 
pixels can be obtained by stepping the array in object space by three IGFOVs to the east or west, 
rather than the single IGTOV used for contiguous co v erag e. IR spatial fill factor of 333% will 
be generated, but the contiguous 1km IFOV visible data necessary for doud clearing will be 
available in the background. Other possibilities are dearly available, depending on what 
combinations of sparse sampling modes are desired. 

No provision is made in the Option II sounder for the 2km contemporaneous IR doud clearing 
data requested (R018-night). Even a single linear array covering the 160km north-south 
dimension of tire focal plane array would require an additional 80 cooled detectors, an 
unacceptable thermal load for the passive radiation coder. 

Two foreoptics considerations, which were discussed in the coo text of the Advanced Imager, are 
also of concern to the sounder, and should be considered in Phase-B. As discussed above, the 
effects of imag~ .station place constraints on focal plane technology mid result in unavoidable 
scan irregularities in object space, even with the arrays selected for this model. The elimination 
of image rotation by the two mirror scanner may well be as desirable for the sounder as for the 
imager. Further, the size of the focal plane array stresses the capability of the Cassegrain design 
selected. Use of the Ritchey-Chretian design selected for the imager or the three mirror telescope 
recommended for consideration there may provide some welcome margin for performance in the 
case of the sounder as well. 
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FIGURE 9.3.3-1 

OPTION II SOUNDER 
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POWER AVERAGE (W): 150 


Figure 9.3.3-2 

OPTION II SOUNDER OPTICAL SCHEMATIC 
(Passive Radiator Configuration) 




Figure 9.3.3-3 

OPTION II FOCAL PUNE ARRAY 



30 km EAST/WEST IQFOV SPACING 


The baseline signal processing approach is ro send the digitized interferogram to the ground 
without performing any in-orbit signal processing such as the Fast Fourier Transform. Section 11 
shows that the communication subsystem can accommodate the required data rate within the 
existing spectrum allocation, albeit at some increase in power requirements. It is the study team 
position that unless there is overriding need to put this processor in the satellite, better reliability 
will be realized by ground processing. 

9.3.4 Option III Sounder Configuration 

Figure 9.3.4-1 shows the configuration of the Option III sounder. Mechanically, it differs from 
the Option II sounder in that a Stirling Cycle cooler has replaced the passive radiator cooler and 
the optical aperture has been reduced back to the 30cm of GOES I-M It should be noted that 
the mass of the two approaches is very similar since we can use the smaller optics aperture with 
the refrigerator and still obtain much better radiometric performance. The refrigerator weight is 
offset by the lighter optics weight. The power requirement is of course higher for the Option III 
instrument concept because of the refrigerator. 

The Stirling Cycle cooler is modeled after the plans for the AIRS instrument on EOS. Four 
compressors are mounted at the top of the figure to an external bulkhead which bar. the same 
orientation as the passive radiator cooler of Option 0, but now rejects the beat from the 
compressor operation. Four cooler displacers are mounted to the aft optics below the 
compressors, and with their "cold fingers” in thermal contact with the cooled focal plane. Each 
compressor is connected to its corresponding displacer by a single line canying the working fluid. 
The units are operated in opposing pairs to minimize the mechanical excitation of the aft optics of 
the instrument. The schematic is intended to indicate mechanical isolation insofar as possible 
between the compressor units and the and aft optics of the instrument. Two such pairs are 
provided for redundancy, with only one pair operating at any time. No thermal switches are used 
in the AIRS concept, so that the "OFF" pair of displacers presents a parasitic heat load to the 
“ON" pair. 

Use of mechanical refrigerators in long-life spacebome applications is in a developmental stage, 
and flight proven hardware does not exist at the present time. However, NASA is making a 
major investment in space technology in this area through the EOS program, which is relying on 
mechanical refrigerators for several major instruments. It is likely that by the "design freeze" for 
GOES-N, these devices will be available nearly "off the shelf". It would not be prudent to rule 
out the use of mechanical refrigerators so early in the GOES-N development cycle, since this 
technology appears to be a prerequisite to satisfaction of NOAA's sounding needs in the GOES-N 
era. Instead, the work already in process should be supported with the view of incorporating it 
with confidence in the GOES-N spacecraft when that decision point is reached. 
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Use of the mechanical refrigerator makes possible (he incorporation of contemporaneous IR 
detectors for nighttime cloud-clearing (R018). Figure 9.3.4-2 shows the modification to the aft 
optics required to implement this capability. Upstream of the interferometer, an achromatic 
beamsplitter with — 90% transmission steals a small amount of cncigy from the beam and reflects 
it to a fourth port on the vacuum housing of the cooler. A relatively slow field iens (f/no — 3) 
images the scene on a linear array of 80 indium antimonide (InSb) or mercury cadmium tellurium 
(HgCdTe) detectors at roughly 50pm pitch. Figure 9.3.4-3 shows the superposition of the 
contemporaneous IR channels on the IR focal plane in object space. For the optical arrangement 
of Figure 9.3.4-2, a slit aperture in the field stop at the telescope prime focus is required to match 
the imaged linear array. However, the same concerns expressed in Section 93.3 with this optical 
design are applicable to Option 111. It is noteworthy that elimination of the field stop at the 
telescope prime focus would allow the consideration of a staring area array for the 
contemporaneous IR cloud clearing channels, with a corresponding improvement in sensitivity. 

The visible cloud clearing array is identical to the Option II sounder. 

9.4 Sounder Performance 

9.4.1 Sounder Spatial Performance 

9.4. 1.1 Sounders Spatial Weighting Functions (SWF)/Encircled Energy 

The relative response of a radiometric sensor to radiation arriving from a given direction with 
respect to some arbitrary origin fixed in the scene is called the SWF. The system output at any 
time is the integral of the product of the SWF and the scene brightness in the appropriate spectral 
band. The SWF is primarily a function of the channel IGFOV in object space, i.e., the IGFOV is 
the result of mapping the channel field stop backward through a diffraction -free optical system to 
its resulting configuration in the scene. For a multi-channel instrument, (i.e., one that has 
multiple channels sampling either spatially or spectrally diverse portions of the scene) each 
channel's SWF is in general different. For GOES-N, the co-registration requirements for the 
imager and sounder channels place stringent constraints on the SWFs of the various spectral 
channels. Likewise, the specifications placed on matching channel spectral response centroids and 
widths for the sounder attempt to maintain uniform spatial distribution of the scene contribution to 
the measured radiance as a function of wavelength. The optical system unfortunately alters the 
SWF in a wavelength dependent manner through the effects of diffraction, so that the "footprint" 
in the scene may be quite different for two spectral channels which have identical IGFOVs. For 
a scanning instrument such as the imager, the SWF is a function of time, as the IGFOV is moved 
over the scene under control of the scan mechanism. For such a dynamic situation, the SWF is 
further modified by the electronic bandwidth of the observing system. 

For the GOES-N sounder, the SWF is given by the two dimensional convolution of the channel 
IGFOV with the (on-axis) optical point spread function. Since the scanner operates in a "step- 
ind-settle" manner and any residual scene scanning due to the spacecraft ephemeris is removed 
by the IMC subsystem, the SWF for a given sounding column is not a function of time. The 
SWF is three dimensional, as it specifics the relative response versus two scan axis coordinates. 
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Figure 9.3.4-2 

OPTION III SOUNDER OPTICAL SCHEMATIC 

(MECHANICAL REFRIGERATOR CONFIGURATION) 
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Figure 9.3.4-3 

OPTION 111 FOCAL PLANE ARRAY 
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30 km EAST/WEST IGFOV SPACING 



bm since for an ideal optical system it is radially symmetric with respect to the channel centroid, 
one may cross section the SWF through its center and display it in two dimensions. Figure 
9.4. 1-1 shows the spatial weighting function of the two wavelength extremes of the GOES 1-M 
sounder, as if they were perfectly co-rcgistcrcd in object space. The diffraction induced effects in 
the SWF arc clearly significant for the 30cm optical aperture and 242*.6pr IGFOV applicable to 
the instrument model. Figure 9.4. 1-1 in fact docs not properly show the possible impact for 
scene irradiancc from far outside the IFOV because the GENII software used is not accurate for 
SWF below about 1 per cent. Further, a log scale would be more appropriate for the ordinate 
because the dynamic range inherent in the scene is so wide that a large out-of-field high contrast 
area in the scene may couple quite strongly into the spectral channel at even low values of SWF. 

Diffraction effects limit the encircle'- energy performance of the sounder, particularly at the longer 
wavelengths. The encircled energy requirement RC28 (paraphrased) specifies that the two 
dimensional integral of the normalized SWF over a circle about its centroid shal' be > 0.7 for a 
radius of 1/2 IGFOV, and > 0.83 for a circle of radius 0.625 IGFOV. Figure 9.4.1 -2, taken from 
the GOES-I Critical Design Review (CDR) material, shows the calculated encircled energy 
performance for the longwave channel as a function of primary to secondary mirror despace, the 
most significant variable for that performance parameter. It can be seen that encircled energy of 
- 0.83 is the best achievable. 

Since that level is principally due to diffraction, a requirement of 0.83 leaves essentially no 
margin for error for a 30cm optical system. For that reason, the encircled energy performance 
requirement for GOES I-M was relaxed from a spectrally flat 0.85 at 1.25 IGFOV to be 
wavelength dependent with a longwave value of 0.73. Achieving the requested 0.83 or better at 
all wavelengths implies optimal system performance for a 30cm aperture and essentially zero 
despace tolerance. This performance level can be obtained with margin given the larger aperture 
(35cm) and suitably athermal instrument design contemplated for the Option II sounder. For the 
Option III sounder, even with an athermal design, there is no margin for error due to its 30cm 
aperture. Consideration should be given to either relaxing the requirement for encircled energy to 
approximately 0.80 at 1.25 IGFOV, or encouraging the use of a larger aperture for the sounder. 

9.4. 1.2 Single Pixel Sounding 

This topic is addressed only because the requirement document states that single pixel sounding 
should not be precluded. What follows is an attempt to address an engineering type statement to 
these words. NWS has not responded with any clarification of the intent of the words at the time 
of the writing of this repor. 

The ability of the sounder to retrieve vertical profiles of temperature and moisture in broken (i.e., 
partly cloudy or highly structured) scenes is intrinsically related to the encircled energy 
performance of the instrument. This study has not addressed an error analysis for the retrieval 
process nor selection of optimal cloud clearing algorithms for control of those errors. Thus, there 
has been considerable discussion as to the correct interpretation of requirements RC28, which 
requires a sounding for a 60 x 60km area using 9 "clear" IFOVs, and R028 which requires 
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FIGURE 9.4. 1-3 



"single" IFOV sounding. The caix ot the problem is ihc extremely large dynamic range of scene 
radiance mentioned in Section 9.4.1.] which results Irom the T* dependency of that radiance. 
Extended clouds from well outside the IFOV can cause significant errors in the brightness 
temperate:.: associated with the scene. Figure 9.4. 1-3 shows the magnitude of this effect for 
sounding at both short and long wavelengths through a bole in an otherwise overcast scene. Two 
striking conclusions can be drawn. First, the spatial resolution achievable for sounding at short 
wavelengths is dramatically better than at long wavelengths. Second, sounding broken scenes at 
long wavelengths is limited to situations where relatively large dear areas are available. Just bow 
large can only be determined by an error analysis for the retrieval prooess, including the effects of 
the cloud clearing algorithm to be used. Figure 9.4. 1-4, defines the criteria for single pixel 
sounding in terms of a yet to be determined allowable error in inferred brightness temperature. 


FIGURE 9.4.1-4 
SINGLE PIXEL SOUNDING 
SUGGESTED CRITERIA 

• A CLOUD FREE AREA IS ASSUMED IN WHICH A SENSITIVITY IS ACHIEVED 
EQUIVALENT TO 0.2K NEAT AT A SCENE TEMPERATURE OF 260K O) 

• SECOND, THE REQUIRED EXTENT OF THE CLOUD FREE AREA IS 
WAVELENGTH DEPENDENT AND IS DEFINED AS THAT EXTENT NECESSARY 
TO MAINTAIN THE ERROR IN INFERRED TEMPERATURE FROM A MAXIMUM 
CONTRAST CLOUD AT LESS THAT IBB K 

• THIS ALLOWS AS FEW AS ONE GOOD SOUNDING PER 60KM X 60KM 
SOUNDING AREA TO MEET THE REQUIREMENTS FOR INVERSION OF 
RADIANCE DATA TO VERTICAL TEMPERATURE AND MOISTURE PROFILES 


(1> Recommended by W. Smith of University of Wisconsin 


The NWS is currently planning to average the results of 9 separate “dear” soundings within a 60 
x 60km cell to achieve the accuracy for their retrievals. If NWS desires to be able to work from 
a single dear sounding in the cell, then the following criteria may be the correct statement of the 
requirement to achieve a angle pixel sounding: 

Using a nominal scene condition of 260K with an atmospheric emissivity of 1.0, then the required 
sensor noise equivalent change in temperature must be less than 0.2K in every spectral interval. 

In additior a dear hole in the douds must be twioe the diameter of the IGFOV (Le., for an 8km 
IGFOV, the lo'e in the doud should be 16km). This is defined to account for the radiance 
contamination of the douds causing a different effective temperature to be measured. Other 
criteria could x developed for distance for the edge of a doud in which the sounding column was 
along only one edge. 
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9.4. 1.3 Sounder G>-rcj»istration Requirements 

The sounder channel -Co— channci or co-rcgistralioi requirements, identified as RC25 for this 
study, were defined by NOAA as a core requirement to have the centroids of the SWFs for the 
various spectral channels matched to 2 % of total 1FOV width (lo) and the half-power SWF 
channel widths matched within 1% (lo). The initial assessment of unmet NOAA requirements 
versus spacecraft options that was presented at the GOES-N Study Final Review presented a 
predicted centroid matching to lOpr performance for all 3 options versus the 2% or 4_5jir 
requirement and a half-power IFOV of 20pr for all three options versus the 1% or I2|ir 
requirement. 

The study team's assessment was that these requirements could not be met because: 

• Diffraction limits the similarity of spatial weighting function, 

• Fabrication and calibration techniques limit accuracy of matching centroids, 

• Thermal and lifetime stability of beam splitter optics limits stability of co -registration 
across the 3 spectra) bands of all 3 sounder options, and the 

• Step & settle performance of the Option I sounder causes oo-Tegistration errors between 
channels in the same spectral region. 

A memo from Paul Menzel and Hank Revercomb of the Cooperative Institute for Meteorological 
Satellite Studies (QMSS) at the University of Wiscons in titled ■Further Clarification of Some of 
the GOES-N Specifications Causing Difficulty" provided some potential clarification of these 
requirements. The appropriate section of this memo reads as follows: 

Sounder Channel to Channel Registration (Core): 

This can be rewritten so that the window channel in each band (long, middle and short 
wavelength) is the reference of registration. Thus, "the channel to channel registration for each 
channel within each band with respect to the window channel in that band must be such that the 
radiometric response centroids shall be within ± 2% of the total FOV width and that the half 
power FOV channel widths shall match each other to within the diffraction limit" 

This is a significant modification of the requirement and, if accepted by NOAA, should make it 
feasible to match the centroids to the 2 % required on the Option II and Option HI sounde r s. 
Problems in making measurements of the width of the 1/2 power points of the FOV will preclude 
validation of performance to 1%. Brief discussion of how these requirements are approached in 
the Sounder design are presented in the following sections. 

An Option requirement to co-register doud detection visible and IR data within 14ur (3 o) and to 
have all IFOV's matched to within 2% (lo) was ! *entified as R02S for this study. 

(c.f.. Section 9.4.3) Which discusses the doud -clearing channels for the sounders and indicates 
that this requirement can be met. 
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9.4. 1.3.1 Option 1 Sounder Co-registration. 

The GOES 1-M sounder can be modified to improve the co-registration performance without 
major changes to the sensor. 

One modification would be to slow down the filter wheel by about 10% mid increase the time 
allowed for the scan mirror to step mid settle from 28ms to 38ms. This could reduce the motion 
of the line of sight during the time soundings me being measured from about IOjat to less than 
7|ir which causes misregistration of the sounding channels relative to the window channel. This 
would keep the signal to noise ratio of the sounding channels unchanged but will increase the 
time required to cover a given area by 10%. This will also simplify die fabrication of the 
sounder by allowing some reduction in the required performance of the east-west servo of the 
sounder. 

Another modification would be to temperature stabilize the aft optics beam splitting assembly to 
minimize diurnal and seasonal temperature variations which cause the 3 spectral bands to change 
their relative alignments The modification in the co-registraUoo requirements identified in die 
QMSS memo cited above, if accepted, could eliminate the need for this modification. 

9.4.13.2 Options D & III Sounder Co-registration 

The Option 0 mid 111 sounders will require beam splitting systems to direct the signal to d i ffere nt 
detector arrays in the 3 spectral regions and thus would have similar co-registration problems as 
the GOES I-M sounder if the changes in the requirements identified in the QMSS memo are not 
accepted The large arrays proposed for the Option II & III sounders lead to long dwell times 
and, thus, the step and settle time and performance of the scan minor should not be a significant 
factor in the co-registration of these instruments. The beam splitting systems will be designed 
considering the thermal variations to be seen on orbit mid may irdude in-flight adjustments if 
required 

The edge of the moon can be observed in the visible and sounding channels and used to verify the 
co-registration in orbit. The moon has an albedo of about 0.07 to 0.1 and thus would be directly 
compatible with the visible and star sensor detectors. The sunlit portions of the moon reach 
temperatures of about 400K and thus for the IR sounding channels it will be necessary to 
incorporate a system to reduce the gain and thus avoid saturation when observing, the moral. With 
these design features incorporated it should be possible to check the co-registration of the sounder 
in flight. 

9.4.2 Sounder Radiometric Performance 

9.4.2.1 Requirements 

Three different technologies were considered for the high spectral resolution sounder Fourier 
Transform Spectrometer (FI 5), grating spectrometer, and Fabry-Perot interferometer. Rather than 
develop separate models specific to each approach, an existing Lotus 123 spreadsheet was 
modified to do a generic analysis. 
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Tbc spreadsheet model docs not attempt to simulate complex atmospheric profiles. Instead, it is 
assumed that the atmosphere is a 260K blackbody radiator. A complete description of the 
analysis is presented in Appendix E entitled "Advanced Sounder Studies.'’ 

The analysis shows that if all spatial, spectral and temporal requirements arc to be met 
simultaneously, then the NEAT requirement of 0.2K cannot be attained. The overriding limitation 
on NEAT performance is detector noise. Actively cooling the focal plane substantially reduces 
detector noise, but still does not achieve the desired NEAT performance. 

Because detector noise dominates all other noise sources, the following courses of action will be 
of great benefit in improving NEAT performance: 

Cooler fore optics 
Cooler aft optics 

Increased Analog -to-DigitaJ (A/D) resolution 
9.4.22 Performance Tradeoff 

From the radiometric analysis, it is dear that in order to meet the NEAT requirement of 02 K, 
performance trades must be made. Such alternate performance considerations could include any 
combination of the following: 

1. Colder focal plane (to reduce detector noise) 

2 Larger 1GFOV 

3. Smaller frame area 

4. Larger optics 

5. Wider spectra] bandwidths 

6. More detectors in the focal plane 

7. Increased frame time 

8. Using a skip scan 

This list is ordered in decreasing relative importance; that is, the first several items on the list 
produce the most pronounced improvement in NEAT without compromising area coverage. 

Figure 9.42-1 compares the expected NEAT for an actively cooled focal plane to that of a 
passive cooler (i.c., 65K vs. 85K focal place). 

The effects of changing the IGFOV are illustrated in Figure 9.42-2 

Numerous additional plots are presented in Appendix E. The plots show projected NEAT 
performance for a fairly wide range of spatial and temporal conditions. The conclusion to be 
reached is that essential satisfaction of the sounding system requirements advanced by NOAA for 
GOES-N can only be attained by multiplexing many more data channels (i.e., using larger 
numbers of detectors) and at the same time achieving much colder focal plane temperatures than 
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is the case for GOBS -I. While the indication is that a cryo-icfrigcrator is required and should be 
pursued, more study should be also be devoted to extending the passive cooler approach to lower 
temperatures as an option, should the advance in reliability of the mechanical approach be less 
than hoped for. 

9.43 Sounder Performance - Cloud Gearing 

NOAA's requirement for contemporaneous visible imagery for sounder doud detection at a 1km 
resolution (IGFOV) was identified as Option requirement R018 in this study and was also 
interpreted by NASA as indicating a desire to see douds at night using a 2km IGFOV in the 
3.8pm IR band. 

Option I Sounder - 1km Visible for Cloud Gearing 

The GOES I-M sounder could be modified to provide doud detection with 1km IGFOV visible 
detectors. This could be accomplished using linear or area arrays of silicon detectors. A linear 
array of 10 detectors in a vertical line each 1 x 1km could be readout during the time the sc?n 
mirror is stepping to the new position. This could provide good sensitivity, greater than 3 to 1 
south-north at a signal to noise ratio of 03% albedo, but would have co-registration uncertainties 
because of uncertainties in the precise position of the scan minor while stepping. Image rotation 
effects on this data would match the rotation of the sounding detectors but would make the 
generation of a contemporaneous doud images mote difficult. 

The preferred approach is to use an area array of detectors, probably a CCD to detect the douds. 
The focal length of the sounder telescope is about 336 meters which would require detectors 
100pm on a side to provide a 1km IGFOV. 

This is a large detector for a CCD array. Most CCD have detectors between 10 and 25pm on a 
side with a large number of detectors in rectangular arrays. It would be reasonable to use any 
space qualified array, such as those used in CCD star trackers for the doud detection. The signal 
from the detectors would be summed in the spacecraft to synthesize a 10 x 10 array of 1km 
IGFOV "detectors” and the data sent to the ground in the wideband data. This array would 
integrate the signal from the scene for part of the dwell time (say 50ms) to minimize jitter due to 
the step and settle of the scan mirror. This array would be very sensitive and could provide good 
doud detection at very low light levels. 

Co-registration of the visible data to the IR arrays could be done to better than 1/4 of a km (7pr) 
by controlling the tuning of the readout and, thus, could be adjusted in the TV chamber or in 
flight. The readout of this array could be controlled so as to compensate for the image rotation so 
that good doud images could be generated, but the co-registration with the IR would degrade 
slightly. 

Either of these two approaches would increase the data rate from the GOES I-M sounder because 
100 x 4 visible channels must be telemetered versus the 4 channels in the present design. The 
minimum increase in the data rate would be about 40,000bps. 
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This same array could be used for star sensing if a spectral region could be identified that would 
provide for both star sensing and cloud detection. This would remove some optical complexity 
from the present design. The star sensor performance could be better than that of the present 
sounder because it would be feasible to electrically back scan the data in the array to track the 73 
(ir/S motion of the stats as seen by the detectors. This would allow for a few seconds of 
integration time versus the 0.3sec. currently used in the Operation Ground Equipment (OGE) 
which would improve the south-north by perhaps a factor of 2. A single readout of the array 
would be done after the signals arc integrated and sent to the OGE which would locate the star in 
the FOV. In this mode it would be preferred to readout at the pixel resolution of about 1/4 km so 
that the star could be located to better than 7pr. 

Option II and III Sounders - 1km Visible for Goud Gearing 

A similar approach could be used to provide 1km IGFOV visible for cloud clearing for the HSRS 
used in Option 11 or III. The CCD array must accommodate the specific focal length of the 
telescope and IR array size used in the HSRS. Assuming the focal plane array of Figure 9.3.3-3 
is used, then an array to synthesize a set of 30 by 160 1km cloud detection detectors would be 
used as a minimum. Assuming that each physical detector has a l/4km IGFOV, this is still a 
small array of 120 by 640 detectors. These same detectors could probably be used for star 
sensing as described for the Option I sounder. The final array size and processing are flexible 
and should probably be selected to provide desirable sparse IR sampling modes for improved 
spatial coverage. 

Option I and II Sounders - 2km IR for Goud Gearing at Night 

The Option I and II sounders use passive radiative coolers. These coolers do not provide a large 
enough cooling capacity at a sufficiently low temperature to make inclusion of this capability 
feasible. 

Option III Sounder - 2km IR for Goud Gearing at Night 

The Option III sounder uses mechanical refrigerators to provide the cooling of the IR focal planes. 
The refrigerators proposed for the Option III sounder have sufficient capacity at a low enough 
temperature to make technically feasible the inclusion of an IR array to provide a 2km IGFOV IR 
detection system operating in the 3.8pm spectral region. This IR array must steal a little light 
from the short wave spectral region of the sounder and be imaged on an IR detector array as 
shown in Figure 9.3.4-2. 

The IR array may be implemented as a linear or area array using an approach similar to that 
proposed for the visible cloud clearing detector arrays. The scan rate of the GOES-I imager is 
350,000pr/s while the rate of motion of the sounder scan mirror while stepping is under 
20,000pr/s. This indicates that there will be sufficient energy to operate in this mode even if less 
than 10% of the light is diverted from the sounding beams. For the proposed array of sounding 
channel IGFOVS, a linear array of 80 IR detectors is required. This contemporaneous IR data 
would have a small impact on the data rate of the HSRS. 
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While the Option Hi sounder model uses the linear array, less light would be required and better 
performance could be achieved if an area array of IR detectors were used. Arrays of InSb and 
Platinum Silicon (PtSi) detectors have been developed that may be able to be jsed at the proposed 
focal plane temperatures with appropriate optics and electronics to process the signals. Sensitivity 
calculations arc required for confirmation of this approach. Use of an area array would require 
moving the contemporaneous IR beam splitter before the fi^ld stop in the telescope focal plane. 

While it is technically feasible to incorporate 2km IR detectors for cloud detection at night in the 
Option III HSRS, it wilt have a significant cost impact. The Phasc-B study of this instrument 
should include this capability as an option and the real cost difference established. A concurrent 
study activity should be conducted by NOAA to establish the importance of this contemporaneous 
IR data to the performance of the sounder and the impact of the difference in the data on their 
products and forecasts. 

9.5 Technology Issues 

9.5.1 Technology Issues Nighttime Operations 

9.5. 1.1 Thermal Modeling of Sunshade Effects 

An analysis was performed to determine the thermal gradients in the sunshield and the heat inputs 
into the scan minor as the length of the sunshield is increased. The length of the sunshield 
required to shade the scan minor from direct sunlight as a function of orbit position or local time 
and as a function of sun angle relative to the equatorial plane or time of year is shown in 
Appendix D3. At periods around the equinoxes, there are times that the sun cannot be shaded 
regardless of the length of the shield. The current design of the GOES-I,J,K scanners utilizes a 
sunshield approximately eight inches long which shades the scan mirror from direct sunlight for 
periods up to two hours after 6:00 P.M. and before 6:00 A.M. The shield does not shade the scan 
mirror between 8:00 P.M. and 4:00 A.M. A shield of four feet was selected as the maximum 
practical length to be considered in this analysis. 

The sounder sunshield was modeled as shown in Figure 9.5. 1-1 as a rectangular cone four feet 
deep with a rectangular patch at the base to represent the scan mirror aperture. The cone walls 
were divided into 112 zones to enable prediction of temperature gradients as a function of time of 
day. The earth viewing face of the spacecraft was modeled as a plate, and a second cone was 
modeled as shown in Figures 9.5. 1-2 and 9.5. 1-3 to approximate a similar sunshield on the 
imager. The earth viewing face of the spacecraft was assumed to be covered with multi-layer 
insulation (MLI), faced with aluminized Kapton, Kapton side out (a=0.45, e=0.78); the interior 
surfaces of the cones were assumed to be painted black (a=0.96, e=o.87); and the external 
surfaces of the cones were assumed to be painted white, with or without an MLI blanket (a=0.01, 
e=0,03; or a=0.25, e=0.85). 

The scan mirror, scan optics and the radiation shields behind the scan mirror were not modeled 
because of the complexity and cost of die analysis that would Ik required. Instead, the patch was 
assumed to be black (u=0.99, c=() 99) and decoupled radiatively and conduct ivcly from the rear. 
Two conditions were analyzed: (1) the patch temperature was allowed to come to equilibrium; and 
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(2) the patch was held constant at 20 degree C and the power required to maintain that 
temperature was computed. Steady state solutions were obtained for an equinox orbit at positions 
every 10 degree between 6:00 P.M.(90 degree) and midnight (180 degree). These solutions also 
apply in reverse order for positions between midnight and 6:00 A.M. because of symmetry. 

The results for the foui foot sunshicld arc shown in Table 9.5. 1-1. Temperatures arc provided for 
three positions on each cone wall. The specific locations are nodes 8, 11, and 14 on the south 
wall, 36, 39, and 42 on the west wall, 64, 67, and 70 on the south wall, and 92, 95, and 98 on the 
east wall. The patch column in the second of the two conditions lists the power required to 
maintain the patch at 20 degree C. At the 90 degree orbit position, the sunlight does not enter the 
cone and the cone and patch temperatures are cold. At the 100 degree position, the sunlight 
illuminates the top nodes of the east wall of the sunshield. At the orbit position of about 155 
degree the sunlight illuminates the east wall down to the patch and portions of the north and south 
walls. At the 170 degree orbit position the patch is fully illuminated by sunlight, and at 
approximately 1 degree later the spacecraft enters the earth’s shadow. Table 9.5.1 -2 shows the 
effect of removing the insulation from the external surfaces of the sunshield and painting these 
surfaces white. These temperatures are substantially cooler than those in Table 9.5. 1-1. 

To compare the results from the four foot sunshield with a sunshield comparable to that used on 
GOES-IJ.K, the model was modified by retaining the nodes adjacent to the patch and removing 
the outer six layers of nodes. The results are shown in Tables 9.5. 1-3 and -4 for comparison 
with Tables 9.5. 1-1 and -2. The configuration comparable to GOES-I,J,K is shown in Table 
9.5.1 -3. The temperatures of the smaller sunshield are cooler. 

Table 9.5. 1-5 shows the results for two sunshields of intermediate lengths: (1) three layers of 
nodes long and (2) five layers of nodes long. Only the patch temperature floating condition was 
computed for these two sunshield lengths. 

It is difficult to draw conclusions from these results without knowledge of the thermal 
performance of the GOES-U.K scanner. However, this analysis does show that the "earth patch" 
stays cold longer than the short earth shield and, thus, provides a more benign environment. 

The scan mirror is highly polished. Part of the sunlight incident on this mirror is absorbed and 
the rest is reflected into the scan cavity. There, much of the energy is absorbed oy thermal 
shields which are thermally isolated from the cavity walls. The north wall is not shielded and its 
temperature is regulated by thermal control louvers. The temperatures of the scan mirror and the 
thermal shields rise sharply as the sunlight strikes the scan mirror and begin to cool when the scan 
minor becomes shaded from the sun. The thermal responses vary depending on the thermal mass 
of each element and on the time intervals that each is exposed to direct or reflected sunlight. The 
critical factor is the thermal distortion introduced by temperature gradients in the scan mirror. 
These gradients are increased when the mirror heats up. In addition the front to back gradients 
reverse during the cool down phase. A detailed model of the scan mirror and the elements in the 
scan cavity is needed to assess the effects of changes in the length of the sunshield and in its 
external surface properties. 
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FIGURE 9.5. 1-1 Four Fool Sunshielil, earth View 
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TABLE 9.5. 1-1 

FOUR FOOT SUNSHIELO WITH EXTERNAL INSULATION 
TEMPERATURE. “C 
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2. Patch Temperature Set at 20®C; Patch Column is in Watts. 
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TABLE 9 5.1-2 

FOUR FOOT SUNSHIELD WITH NO EXTERNAL INSULATION 
TEMPERATURE. C 


1. Paid) Temperature Floats 
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2. Paid) Temperature Set at 20°C; Paid) Column is in Watts. 
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TABLE 9.5. 1-3 

SMALL SUNSHIELD WITH EXTERNAL INSULATION 
TEMPERATURE, °C 


1. Paidi Temperature Floats 
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2. Patch Temperature Set at 20°C; Patch Column is in Watts. 
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TABLE 95.1-4 

SMALL SUNSHIcLD WITH NO EXTERNAL INSULATION 
TEMPERATURE, °C 


1. Patch Temperature Floats 
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2. Patch Temperature Set at 20°C; Patch Column is in Watts. 
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TABLE 9 5.1-5 

OTHER SHIELD SIZES WITH NO EXTERNAL INSULATION 
TEMPERATURE, °C 


1. Patch Temperature Floats; 3-Layer Sunshicld 
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2. Patch Temperature Floats; 5-Layer Sunshield 
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9.5. 1.2 Night Visible Operation 


An assessment was made of the possibility of using a visible spectra* band to observe moon 
illuminated clouds down to 1/4 moon conditions. It was determined that this capability cannot be 
incorporated into any scanning imager design. A separate sensor is required that operates in a 
staring mode. 

If a scene condition is assumed to be 1/4 moon illumination of a cloud with 80% reflectance, 
then the following performance can be achieved The target radiance was calculated and is listed 
below. 


SPECTRAL BAND 

IRRADIANCE (W/m2-sr) | 


FULL MOON 

1/2 MOON 

1/4 MOON 

0.55 -0.75pm 

4XHT m 

5Xi<r u 

1X10'“ 

0.55 - 0.90pm 

7XHr M 

9X10*“ 

2X10-“ 


The sensor is conceived to use a 1000 x 1000 pixel solid-state imaging device with an F/3 optic 
(6cm aperture). The IGFOV of each element is 2km. The following signal-to-noise performance 
can be provided: 


DWELL TIME 

PIXEL 

SIGNAL-TO-NOISE 

(SECONDS) - 

AGGREGATION 

(1/4 MOON, 80% ALBEDO) 

5 

1X1 

2.3 

5 

2X2 

5.0 

10 

2X2 

1 

1 -a 

r 


This sensor would be smaller than the LMS and has better resolution. It may be possible to 
modify the LMS to provide this capability through a separate focal plane using the same optics. 
However, the present configuration places the bandpass filter for the lightning event detection in 
front of the optics to be able to achieve and maintain the narrow spectral bandpass. If the filter 
remains in this position, then modifica'ion of the LMS is not recommended, and a separate sensor 
should be developed. The technology risk is low. 

To truly proceed with this capability some basic data requirements must be stated before design 
can commence. A night visible sensor with 3km IGFOV’s would cover a 3000 x 3000km area. 
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9.5.2 Technology Issues - in-Flight Co-Registration Mechanisms • 

The stringent requirements imposed on the imager and sounder for INR performance result in 
derived requirements for mechanical stability of the system with life, vibration, and thermal 
environment which exceed the capability of conventional mechanical system design. The 
susceptibility to these effects may vary somewhat with the particular design concept, but these 
effects must be dealt with for any system in which ultimate pointing stability and accuracy of a 
few arcsec is required. (The R02 navigation requirement for the imager of 2km 3o at 45 degree 
latitude corresponds to a pointing knowledge of 33pr or 7 arcsec at nadir). Indeed, the thermal 
modeling of the instrument and spacecraft together shows that thermal effects give rise to diurnal 
pointing dislocations of the order of lOOOpr peak-to-peak, necessitating the assumption of day- 
to-day repeatability to enable image motion compensation for that effect as well as the effect of 
orbit inclination. Thus the effect on pointing of a single IFOV in the GOES I-M system is quite 
large. The GOES I-M system assumes that the thermal distortion effects are identical for the 
multiple EFOVs incorporated in both instruments, an assumption which is certainly true for 
spacecraft effects which result in rotations of the entire instrument frame-of-reference. It is also 
approximately true for those instrument thermal distortions that only affect the alignment of the 
primary and secondary minors. In the aft optics, however, to the extent that the optical systems 
become differentiated for the various spectral bands and detector channels, the opportunity for 
mechanically and thermally induced differential distortions between IFOVs arises. As the aft 
optics design becomes more complex, the problems of obtaining and maintaining optical 
alignment become more difficult In this situation, depending on the susceptibility of a particular 
design and the requirements for co-registration of the multiple IFOVs, consideration must be 
given to the use of in-flight control mechanisms to compensate for the effects of the launch 
vibration environment and possible gravity release misalignments. Further, for differentiated 
optical systems, it may be necessary to employ precise thermal control to avoid diurnal or 
seasonally driven pointing errors between IFOVs. 

These considerations have been the primary motivation in the selection of the design approach for 
the Advanced Imager, in which only one beamsplitter is employed to separate the warm and cold 
focal planes. Within a given focal plane, since all IFOVs are affected equally by purely boresight 
optical shifts, the co-registration accuracy is primarily governed by the manufacturing precision 
with which the field stops can be assembled and by the system optical speed, which should be as 
slow as possible to maintain high tolerance for dislocations in the focal plane. In general, 
however, sensitivity requirements drive the system to high optical speed, so that a compromise is 
necessary. For the Option III imager, the suggested focal ratio of 3 results in a plate scale (spatial 
displacement in the focal plane resulting from a given angular displacement in object space) of 
0.89pm per pr. Thus a 14pm displacement of one IFOV with respect to another in object space 
(the maximum allowed by RC4) would result from a displacement in the focal plane of 12.5pm 
According to SBRC, the precision with which detectors of different bulk material can be 
assembled in a common focal plane is 2.9pm rms, or about 9pm 3o. Thus there is very little 
tolerance remaining for alignment and stability of the beamsplitter which separates the warm and 
cold focal planes. It is therefore recommended that an alignment mechanism be incorporated to 
provide tor in-flight registration of the focal planes, and that the aft optics be thermally stabilized 



to prevent diurnal and seasonal misregistration effects. Note that obtaining 14pr co-registration 
with optics faster than F/3 will be even more difficult since manufacturing tolerances become 
more significant. Conversely, the sensitivity discussion of Section 9.2.2 shows that NEAT 
performance would suffer relative to guideline requirements for much higher focal ratio. 

This discussion can be generalized to a recommendation that in-flight adjustment mechanisms and 
thermal stabilization be considered for any instance of multiple focal planes, such as that required 
for the HSRS, where the stated requirements for co-registration of the spectral channels arc even 
more restrictive and probably not physically realizable, as was pointed out in the course of the 
study. It has been suggested that, for the sounder, the individual focal planes associated with each 
spectral region might be separately co-registered to a window channel within that individual 
spectral region. This compromise, if accepted by NOAA, could mitigate the requirement for in- 
flight adjustment. However, the utility of the high-resolutiou cloud clearing array on the warm 
focal plane would be somewhat reduced, requiring individual co-registration for each cold focal 
plane to the warm focal plane. The data from the array could become useless if the various focal 
planes were subject to diurnal temperature driven dislocations. Thus, it is likely that temperature 
stabilization will still be required. 

Specific approaches for co-registration of the focal planes have not been addressed in the 
Phase -A study since detailed optical system designs have not been performed for the 
developmental instruments. However, several approaches might be employed. For simple 
adjustment of the lines of sight, a tilt control of reflective optics such as a fold mirror in a 
particular optical path could be used, as was done in the TM design. Lateral shifts of such 
elements can also be used to obtain a single degree of freedom in image location. Lateral shifts 
of optical elements with optical power, such as a relay lens, present another possibility, although 
the optical design is considerably more complex. Much more difficult would be a lateral shift of 
the focal planes themselves, particularly where cooled detectors are involved. Mechanisms for 
implementation of the adjustments include "inch-worms'', as used in TM, and motorized 
micrometers, as used in the enhanced TM. Further study of the application of such mechanisms 
to the developmental instruments for GOES-- N is recommended for Phase-B. 

9.5.3 Technical Issues - Cooler Capacity 

9.5.3. 1 Passive Radiation Coolers 

An analysis was performed to study ways of enhancing the performance of the ITT radiative 
cooler design for GOES-I,J,K to enable a similar design to operate at substantially lower 
temperatures. The initial approach was to study the heat balance data for the GOES-I.J.K. imager 
and sounder coolers as provided in Reference 1 for three conditions: 

1 . Equinox 

2. Summer solstice (SS), beginning of life properties (BOL) 

3. Summer solstice (SS). end of life properties (EOL) 



The temperatures and heat inputs of the GOES-U,K imager and sounder coolers are si. awn in 
Tables 9.5.3- 1 and -2. The worst ease condition is summer solstice, end of life. Of the three 
cases, the most favorable condition is equinox. The absence of sunlight on the second surface 
mirror radiator and into the rectangular cone of the shield leads to the coolest temperatures of the 
shield and the radiator. If the summer solstice condition can be avoided by flipping the spacecraft 
at each equinox, then the equinox would become the worst case and the control temperature could 
be lowered to about 95 degree K. Another major source of heat inputs to the patch is the 
astromast and solar sail, which if eliminated would result in further reduction of the patch 
temperature. 

In order to predict the effects of modifications to the coolers, a System Improved Numerical 
Differencing Analyzer (SINDA) model of the imager cooler was derived from the data in 
Table 9.5.3-1. The model, for the equinox orbit environment, consists of: 

1. Diffusion nodes for the patch, radiator and shield; 

2. Boundary nodes for space and for the instrument interface with the cooler; 

3. Heat inputs for joule heating, control power, solar heating, astromast and solar sail heat 

loads, and a fixed input for the ports; 

4. Conductive and radiative couplings derived from the data in Table 9.5.3-1. 

The latter were assumed to be constants and were selected from the values derived for each of the 
three orbit environments. For the port inputs the best fit with the data was developed by trial 
and error assuming a fixed input plus a radiative coupling. The model was checked by re- 
computing the three orbit conditions in Table 9.5.3-1. The results are shown in Table 4, where 
the Table 9.5.3-1 temperatures are shown in parentheses. The agreement for the patch 
temperatures is within 0.2 degree K and within 2 degree K for the radiator and the shield. 

The patch temperature for the equinox orbit environment without control power is 88 degree K 
(Run 4 of Table 9.5.3-4). If the input from the astromast and the solar sail is removed from the 
equinox case, the patch temperature drops to 70 degree K (Run 5 of Table 9.5.3-4). The final 
run simulates the effect of removing the cone from the cooler. The resulting patch temperature is 
68 degree K. If a 7 degree K margin is added for control power, a passive cooler at about 75 
degree K appears to be feasible for GOES-in using the GOES-I,J,K cooler design if the 
spacecraft can be oriented to keep sunlight from impinging on the shield radiator and cone and if 
the astromast and solar sail can be removed from the FOV of the patch and radiator. 



TABLE 9.5.3- 1 

IMAGER COOLER HEAT INPUTS 


'ORBiT ENVIRONMENT 

EQUINOX 

.... SS, BOL ; 

SS, EOL | 

PATCH TEMPERATURE. DEGREE K 

105.0 

105.0 

105.0 I 

RADIATOR TEMPERATURE. 
DEGREE K 

114.8 

143.7 

151.1 I 

SHIELD TEMPERATURE. 
DEGREE K 

147.5 

227.4 

248.6 I 

| v PATCH INPUTS. mW ~ ^ ; | 

CONDUCTIVE 

3.0 

11.9 

14.1 | 

INSULATION 

1.2 

72 

9.4 | 

I SHIELD WALL 

4.4 

33.3 

47.0 | 

| OPTICAL PORT 

1.0 

2.4 

3.0 | 

I ASTROMAST & SOLAR SAIL 

62.6 

66.3 

66.3 | 

I JOULE HEAT 

17.8 

17.8 

16.8 | 

1 CONTROL POWER 

103.0 

54.1 

35.4 S 

1 TOTAL 

193.0 

193.0 

193.0 | 

( RADIATOR INPUTS, mW | 

1 CONDUCTIVE 

65.6 

159.7 

181.6 

| INSULATION 

17.7 

127.7 

180.1 

1 SHIELD WALL 

2.4 

19.0 

27.0 

| OPTICAL PORT 

30.1 

39.2 

43.7 

1 ASTROMAST & SOIAR SAIL 

43.5 

46.2 

46.2 

| TOTAL 

159.3 

391.8 

478.6 | 

| SHIELD/HOUSING INPUTS, W | 

| CONDUCTIVE 

3.370 

1.365 

0.883 

INSULATION 

1.519 

0.947 

0.680 

SUN 

0.000 

25.306 

37.882 

TOTAL 

4.889 

27.618 

39.444 


CONDUCTIVE 

INSULATION 

SUN 


TOTAL 


212 


27.618 


39.444 














































































TABLE 9.S.3-2 

SOUNDER COOLER HEAT INPUTS 


ORBIT ENVIRONMENT 

EQUINOX 

SS. BOL 

SS, EOL 1 

PATCH TEMPERATURE. DEGREE K 

102.0 

102.0 

102.0 | 

RADIATOR TEMPERATURE. 
DEGREE K 

107.6 

145.5 

154.7 

SHIELD TEMPERATURE, 
DEGREE K 

136.0 

226.0 

247.9 

PATCH INPUTS, mW | 

CONDUCTIVE 

1.7 

113.2 

16.0 

INSULATION 

0.7 

9.0 

12.4 

SHIELD WALL 

2.9 

32.0 

46.2 

OPTICAL PORT 

1.7 

4.2 

3.1 

ASTROMAST & SOLAR SAIL 

62.6 

66.3 

66.3 

JOULE HEAT 

12.0 

12.0 

12.0 

CONTROL POWER 

90.2 

35.1 

13.6 

TOTAL 

mssm 

171.8 

171.8 

RADIATOR INPUTS, mW 

CONDUCTIVE 

54.9 

148.0 

168.1 

INSULATION 

12.9 

128.5 

184.9 

SHIELD WALL 

1.7 

17.9 

26.0 

OPTICAL PORT 

9.9 

70.6 

100.3 

ASTROMAST & SOLAR SAIL 

43.5 

46.2 

46.2 

TOTAL 

122.9 

411.2 

525.5 

SHIELD/HOUSING INPUTS 

,w 


CONDUCTIVE 

2.444 

0.953 

0.615 

INSULATION 

1.086 

0.684 

0.492 

SUN 

0.000 

25.306 

37.832 

TOTAL 

3.530 

26.943 

38.989 














































































TABLE 9.5.3-3 
SUMMARY OF RESULTS 


RUN# 

CONDITIONS 

TEMPERATURES, DEGREE K | 



PATCH 

RADIATOR 

SHIELD 

1 

SUMMER SOLSTICE, BOL 

104.8 

(105.0)* 

141.8 

(143.7)* 

226.9 

(227.4)* 

2 

SUMMER SOLSTICE, EOL 

104.8 

(105.0)* 

149.8 

(151.1)* 

248.1 

(248.6)* 

3 

EQUINOX 

104.9 

(105.0)* 

113.2 

(114.8)* 

145.9 

' (147.5)* | 

4 ‘ 

j 

EQUINOX - NO CONTROL 
! POWER 

88.3 

112.3 

145.9 1 

1 5 

EQUINOX - NO CONTROL 
POWER, NO ASTROMAST 

69.9 

1C5.5 

145.8 I 

I C 

EQUINOX - NO CONTROL 
POWER. NO ASTROMAST. 
NO COOLER CONE 

67.5 

105.0 

145.9 


* (GOES-I.J.K results) 

A modified GOES-U.K cooler was proposed by R. Annable 2 for the GOES-N advanced sounder 
which can operate at 80 de c T ee K with 20% increase in detector heat loads. The major 
modifications were: 

1. Reduction of the thermal loads from the astromast and solar sail to the patch from 66.3mw 
to 12.4mw by changing the astromast surface finish from diffuse fiberglass (a=0.80) to a 
specular reflector (a=0.15); 

2. Reduction of the input from the shield walls to the patch by lowering the shield 
temperature (by removing the sun load on the cooler cone and the second surface minor 
radiator on the shield/housing) to the values obtained at equinox for the GOES-I,J,K 
cooler. 

The combinai’"'-. of (1) and (2) above reduces the uncontrolled patch temperature to 72.5 degree 
K, which allows controlled operation at 80 degree K. The uncontrolled patch temperature is 
warmer than the results from Run #5, Table 9.5.3-3 because the patch heat inputs are 12.4mw 
higher than the values in Run #5. 
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To eliminate the sun load on the shield, Annable proposed yawing the spacecraft by 180 degree 
every six months, but he rejected this solution as undesirable for reasons other than thermal. 
Instead, he proposed a partial sunshicld rotating at one revolution per day. The shicld/housing 
’adiator was divided into a fixed part to cool the region behind the patch and radiator and a 
rotating part to cool the rotating shield. The cooler fixed radiators (patch radiator and vacuum 
housing) were increased to support a 20% increase in detector load and were configured within a 
16 inch diameter circle. For a controlled patch temperature of 80K the radiator and shield 
temperatures were sized to operate at 108K and 153K, respectively. 

From the results of this analysis and the work of Annable discussed above, the current GOES- 
U,K radiative cooler design should be capable of operating at a controlled patch temperature of 
about 75 degree K without modification if the astro mast is removed from the FOV of the cooler 
cone and if the spacecraft is flipped at equinoxes to prevent sunlight from impinging on the 
shield/housing radiator and into the cooler cone. From the work of Annable, an increase in the 
joule heating from added detectors can be accommodated by increasing the size of radiators by a 
comparable amount. One may also want to consider the circular configuration of the radiators as 
proposed by Annable but without the rotating sunshield. Temperatures lower than 75 degree K 
may be feasible, but further study is required to consider methods to reduce the beat inputs by 
conduction and radiation to the rear of the patch, radiator, and shield/housing. 

9.5.32 Mechanical Refrigerators 

The issue of the technical risk of cryogenic refrigerator technology in the GOES program can only 
be addressed by observing the progress of the technology over the next several years. The NASA 
Earth Observing Program is committing significant resources to develop refrigerators with 5 year 
life. This activity should benefit NOAA instrumentation at some time in the future. In addition, a 
British instrument will fly a cry o- refrigerator with a multi-year life within the next two years. 

Without positive results from these activities NOAA should not plan on using refrigerators in the 
operational environment. However, if the mission requirement drives the need for focal plane 
temperatures below 80K, then this technology will have to be considered. It may be possible to 
aesign an interface that allows a passive radiator to be used initially while later units use a 
refrigerator to improve performance. 

REFERENCES: 

1. ITT, Aerospacc/Optical Division, GOES Critical Design Review 
(Mechanical/Structural/Thcrmal), May 24, 1988 

2. R. Annable, 80K Radiant Cooler for the Advanced Sounder, ITT DEFENSE, 
Aerospacc/Optical Division, Memo dated February, 28 ,990 
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9.6 Lightning Mappci Sctarn (LMS) 

9.6.1 Lightning Mapper Sensor (LMS) Normal Mode of Operation 

The LMS is the first payload specifically designed to detect lightning from a geosynchronous 
satellite and to locate it with respect to terrestrial coordinates. Its spectral, spatial, and temporal 
resolution have been optimized to observe lightning, and its FOV has been selected so that nearly 
full-disk coverage can be achieved. It has the capability to analyze and output lightning data in 
real time. 

The LMS observes lightning flashes in the atomic oxygen spectral line at 777.4am or the atomic 
nitrogen band at 868.3am. Because of multiple scattering in clouds, lightning flashes observed 
from space are typically several hundred mkxosecoods in duration, and cover the full spatial 
extent of a doud. The LMS frame tale of 1000 Hertz and the LMS spatial resolution of 10 x 
10km (at nadir) me matched to these temporal and spatial characteristics of lightning. 

The LMS is a staring sensor with a two-dimensional CCD focal plane array covering a 10.4 
degree x 10.4 degree FOV. The eastern satellite, at 75 degree W longitude, covets all of the 
continental United States except California. The western satellite, at 135 degree W longitude, 
covets the western 2/3 of the continental United States and Hawaii. Each satellite has its LMS 
boresignt angle tilted 2 degree northward bom nadir, producing a boresight at 1134 degree N 
latitude. 

The LMS has a very high CCD readout rate of 10 w bits per second due to the large number of 
pixels in the CCD arrays and the 1000Hz frame rate at which they are read out On-boara 
processing is used to extract the relevant parameters while yielding a much lower data rate of 
2xl0 5 bps for the sensor. Sequential frame subtraction is used to subtract background bom the 
images. 

In addition to its normal mode of operation, die LMS has an imaging mode with a duration of 
1.6sec which can be activated by command. Cloud-free areas would be selected for imaging. 
During severe storm tracking, this mode may be activated as often as every 10 minutes. During 
the imaging mode, data requirements ate reduced by sectorizing and never exceed 64kbps. 
(including lightning). 

City lights are used for night landmark identification to determine the precise attitude of the LMS, 
refining the registration of lightning observations to terrestrial coordinates. The relevant 
parameters, lightning time, intensity, and location, arc extracted bom the raw data in teal time, 
permitting the LMS to support many applications which require a real-time warning capability. 

The LMS is a stai.-g sensor with no mechanical motion during its normal modes of operation. 

At present, the prclerrcd design uses two separate, co-bo resigh led apertures o achieve the dual- 
wavciength capability. Hie preliminary estimates ol size, weight, and power are presented along 
with a conceptual drawing in Figure 9 6 1-1 
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FIGURE 9. 6. 1-1 



9.6.2 Alternative Use of Lightning Mapper Sensor (LMS) as a Nighttime Imager 


The suggestion has been made that the LMS be used as a low-light-kvcl imager to provide doud 
images at night whenever the lunar illumination level is quarter-moon or greater. This mode of 
operation could possibly be implemented in either of two ways; extension of the integration time 
or expansion of the spectral passband. Extension of the integration time would require minor 
electronic modifications but should not impact the optical or me c ha n i c al aspects of the sensor. 

The possibility of doud imaging in such a narrow spectral band (possibly detuned into the 
nontin ucm outside the atomic resonance) has not been examined Expansion of the spectral 
passband would require removal of the narrow-band optical filter. This function could also be 
straightforward to implement if it were practical to locate this filler on a wheel in the aft optics. 
However, we have understood from the development contractor that the impact to the design of 
the GOES-L/M LMS, which has the filter on the object space side of the system, is excessive 
For that reason, it is our recommendation that a separate staring sensor be ■developed, as described 
in Section 9.5.13, if nighttime visible data is to be provided. 

9.63 Status of Lightning Mapper Sensor (LMS) 

An LMS development p ro gram to build a prototype instrument intended for flight on the 
GOES 1-M series has been under way for some time with NASA funding and management by 
MSFC A competiave procurement led to the selection of TRW as the development con t ractor. 
Phase-B has been completed, but the Phase-C/D development has been on bold pending 
finalization of a NASA/NO AA agreement to fly the instrument late in the GOES I-M program. 

A pr eliminar y accommodation study for the LMS was completed by the spacecraft contractor, but 
at the time, very link hard instrument information was available. The current plan is to update 
the accommodation study using the Phase-B instrument information and, barring unforeseen 
difficulties, to proceed with implementation of the LMS. 

It has been our understanding that the development of the LMS for GOES-UM has been severely 
constrained by the perceived power and weight limitations associated with the GOES 1-M bus and 
launch vchick This situation should be reviewed in the process of determining detailed 
requirements for the LMS for GOES-N. If substantial performance penalties have been taken, 
significant non-recurring engineering effort may be indicated for GOES-N, in whk± case it is 
recommended that the instrument be developed under separate contract and provided as 
Government Furnished Equipment (GFE) to the spacecraft contractor. 

9.7 Observations and Recommendations 

(NOTE; instrument sensor recommendations arc also included in Section 8.4) 

9.7.1 Observations 

The imager requirements (core, options, and enhancements) tend to indicate a desire to evolve the 
design of the imager being built for the GOES 1-M spacecraft. However, those requirements 
which add spectral Kinds to the cold focal plane lead to major optical. mccKimcal. and electronic 
design modifications that aiuhl warrant the development of a new imager. It is recognized at this 



time that (he GOES l-M imager has major opdcal-mcchankaJ design deficiencies that limit INR 
performance. Any redesign to correct these deficiencies will result in significant non-recurring 
costs. Careful as sess m ent is required to determine the direction for the development of the 
GOES-N imager. Should it really evolve from Che current design, or should it be a new 
approach? The evolutionary approach, which corrects current deficiencies and adds new spectral 
hands, may incur as large a uoa-recurring expense as going with a new approach. The advantage 
of evolution is the reduced risk of working with a contractor who by the year 2000 will have had 
substantial experience in 3-axis GOES navigation technology and in manufacturing procedures for 
the operational imager. If this contractor continues to have delivery problems, then a new imager 
is mandated. 

The sounder for the GOES-N time frame will be a new development activity. The Michdsoo 
design :pproacfa is the st ro ngest candidate for (be sounder. If a reduced set of spectral bands is 
responsive to the NWS needs, then a Fabry-Petot approach is a competitor. There are certain 
aspects of the signal process in g impacts of the Micbelsoii approach that have not been 
investigated. The experience with the aircraft instrument is inadequate to document the true 
cha ra cteristics in an operational environment. Because of the substantial difference in extracting 
radiance data from an interfero gr am and the conco mi tant increased focal plane performance 
req uir ements in the areas of linearity and dynamic range for the Mkhdson. careful engineering 
and management decisions ate needed to fully understand die areas of risk associated with 
selecting this new technology for an operational system. 

9.7.2 Recommendations 

9.7.2.1 System Configuration Recommendations 

The benefits of flying spacecraft in a constellation that has 3 dements should be assessed (e g., an 
imager bus, east and west, and a single sounder bus). Navigation will improve for the imager 
spacecraft. The sounder spacecraft can reduce the risks/impacts of bringing the new sounder on- 
line. The sounder spacecraft may even carry (he Auxiliary Imager for full disk data support. In 
this scenario, the spacecraft can now remain within the Ddta envelope and yet carry instruments 
that have grown physically to pro*, ide enhanced capabilities. This system may cost mote, but 
there is a robustness that may warrant the expense. 

9.7.2.2 High Spectral Resolution Sounder Recommendations 

With regard to the new sounder, the most prudent path into the future is to immediately begin 
design and breadboard of the critical components. In addition, a detailed assessment of data 
processing requirements and impacts should be initiated. It is probably desirable to have an 
independent entity take the proposed retrieval algorithm and verify the accuracy of the technique. 
If no algorithm exists, development should begin. Contemporaneous visible data at 1km IGFOV 
can be included in the sounder, but contemporaneous IR is not recommended for an instrument 
using a passive radiator 



As discussed in Scctiou 9.3.3, further analysis is required before committing to the aft optics 
design based oo the GOES L/M High-Resolution Sounder feasibility study. The performance of 
an alternate design replacing the common field stop with individual field stops in each focal plane, 
but retaining the in-flight adjust mechanisms and thermal control of the aft optics, should be 
evaluated in light of the reduced emphasis likely to be placed on band-to-band co-registration. 
This evaluation should include an optical layout to demonstrate that the adjust mec h a n is m s 
recommended in any ease can be physically incorporated within a reasonable aft optics volume. 

9.7.2 3 Advanced Imager Recommendations 

The addition of IR bands to the imager will be a significant impact to cooler design. A detailed 
study is needed to quantify the required changes to add the additional infrared bands. The study 
probably should address the performance with the solar sail still in the FOV as well as the 
performance with the Option III spacecraft attitude control system. These studiesare also crucial 
for improvement of the Option 0 sounder, where much colder focal planes are required to 
approach the desired overall performance. 

Improving operations around local midnight probably should be addressed by major changes in 
the design and materials selection used in (be imager and sounder, as has been recommended for 
both advanced insauments. There have been estimates that total thermal distortion within the 
GOES-I imager could be reduced by an order of magnitude through this change, but they have 
not been verified by detailed analysis. To ensure that RFP performance levels are realizable, an 
analytical structural model of the Advanced Imager must be constructed and its tbennal/stnictural 
stability evaluated. Another improvement, extending the sunshade, does limit direct exposure to 
the sun, but more work is required to develop an engineering design that keeps the sunshade itself 
from being a major hen k*ad into the aperture cavity. 


As discussed in Section 9.1.3, implementation of the Advanced Imager depends on maintaining 
low (Kbit inclination and/or ground resampling of the data for satisfactory performance. The 
corresponding study tasks were not performed as part of the study. The study cannot be 
considered complete in this respect until the system impacts of those requirements are evaluated. 

9.7.2.4 Night Visible Recommendations 

Night visible can be implemented in a low risk technology using solid-state imaging arrays in a 
separate sensor designed for this purpose. Modification of the LMS is no* recommended due to 
the impact to its implementation. 

9.7.2.5 Auxiliary Imager Recommendations 

The Auxiliary Imager can be an upgrade of the GVHRR on the INSAT, but major design changes 
are needed to incorporate the 1NR capabilities that arc now part of the GOES. These changes 
would be low risk but incur moderate non-recurring expense. 



10.0 TASK 3. CONTROL SYSTEM AND IMAGE NAVIGATION AND REGISTRATION 
(INR) DESIGN CONSIDERATIONS 

10.1 Introduction 

10.1.1 Background 

10.1.1.1 Objective, Scope, and Guidelines 

The objective of the GOES-N controls study was to investigate and develop viable design 
alternatives to meet NOAA INR performance requirements. In order for the resulting design to 
approach the stringent INR requirements, it was necessary that the scope of the effort treat the 
spacecraft control subsystem and the instrument servo as an integrated design. This integration is 
reflected in the proposed design for Options 11 and III and, to a lesser extent, in Option I. That is, 
the resulting proposed designs use signals derived from the control subsystem to provide end-to- 
end fine pointing control for the instrument mirrors; and for Options II and III, the instrument 
structures and materials were selected to provide improved servo response performance and 
minimize thermal effects, respectively. 

To minimize the design risk associated with achieving the INR requirements, the use of proven 
technology for each element of the design was used as a guideline. As a result, even though the 
proposed design has never been implemented for a geosynchronous earth pointing spacecraft, the 
recommended star trackers, reaction wheels, etc., and the design concepts all have been proven on 
other spacecraft. 

Since the Option I spacecraft was defined to be an evolution of the GOES I-M series (which falls 
considerably short of achieving NOAA's Option and Enhanced INR requirements), it was decided 
that the Option II and III control subsystem designs were not to be constrained (except for the use 
of flight proven elements). Also, in order to be able to complete the study within the allocated 
resources, only a 2-axis gimbal system (as used on the current GOES -I instruments) was studied. 
A dual mirror servo system will need to be investigated if selected based on instrument 
considerations; however, this is not expected to change the overall pointing performance. 

10.1.1.2 GOES-N Pointing 

The NOAA INR requirements for the GOES system impose very stringent spacecraft control and 
instrument pointing requirements. One way to understand the requirements is to relate them to 
other missions: 

• For a geosynchronous spacecraft to achieve the same pointing stability consistent with the 
instrument resolution of a low earth orbiting (LEO) spacecraft, the accuracy and stability 
must be alrout 40 times better. 

• Fine pointing control systems on other spacecraft with the same accuracy/stahility 
requirements as GOES-N (eg. IUE. SMM and HST) all stare at their targets.' and can 
use the target itself or .mother reference that is fixed in location relative to the ta r get as a 
means of deriving an error signal to precisely control the pointing In contrast, the GOES 
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spacecraft have scanning instruments, which do not readily allow for using a fixed 
reference from which a precise error signal can be generated. 

• The sounder requires a non-spinning platform to achieve the signal-to-noisc needed; the 
non-spinning spacecraft (i.c., one with a specific side always earth pointing) will 
experience diurnal thermal variations which significantly affect the pointing control. 

10.1.1.3 NOAA Performance Requirements 

System performance requirements for the GOES program have been defined by NOAA in terms 
of long term and short term deviations of pixels within images. These end-to-end image 
performance specifications are the INR requirements; these INR requirements are defined as: 

• Navigation: knowledge of the location of each pixel in earth coordinates 

• Within-frame registration: the variation in separation of any 2 pixels containing specific 
scene information within the same image 

• Fratne-to-frame registration: the variation in separation of a given pixel in two images of 
the same earth scene 

NOAA specified two sets of INR requirements for GOES-N: Core and Option. The 3o INR Core 
»nd Option requirements are provided in Table 10.1.1-1, along with the GOES l-M requirements. 
The Core requirements for navigation and within-frame registration arc the same as the 
GOES I-M requirements. However, the frame-frame registration requirement is halved to 42pr. 

It should be noted that the INR core requirement for navigation, unlike the other core 
requirements, does not reflect the NOAA 1983 stringent requirement for navigation of 56pr (2km) 
at nadir. 

TABLE 10.1.1-1 

INR PERFORMANCE REQUIREMENTS 
(All Requirements 3o) 


NAVIGATION 

GOES I-M 
pr (ARCSEQ 

GOES-N 
px (ARCSEQ 


CORE 

OPTION 

112(23) 

112 (23) 

33 (6.8) 

WITHIN FRAME 
REGISTRATION 

42 (8.7) 

42 (8.7) 

14 (2.9) 

FRAME-TO-FRAME 

REGISTRATION 

84 (17) 

42 (8.7) 

14 (2.9) 

- - __ 


TOT 















The Option requirements, which reflect NOAA 1989 requirements, arc a significant improvement 
over the existing GOES I-M navigation and registration specifications. Navigation performance 
is requested to be 2km at 45 degree latitude, which equates to 33pr at nadir. Within-framc and 
frame-frame registrations arc both reduced to 14pr. 

10.1.1.4 Issucs/Concems 

The major GOES-N study issue, which is considered the significant study shortfall, is the lack of 
GOES-I flight performance data to substantiate the 1NR performance concept. Without GOES-I 
performance data to substantiate the LAS derived INR performance budgets, the GOES-N Option 
1 performance budgets are unproven. In contrast, the Options II and III designs arc on somewhat 
firmer ground due to the experience gleaned from the IUE, SMM, and HST spacecraft and 
UIT/Astro Observatory. Table 10.1.1-2 delineates the specific areas of concern discussed bv. jw. 

TABLE 10.1.1-2 GOES-N STUDY SHORTFALL 
LACK OF GOES-I FLIGHT PERFORMANCE DATA 

• SERVO PERFORMANCE 

• ORBIT/ATTITUDE DETERMINATION & CONTROL 

• SYSTEMATIC ERRORS 

• NOISE 

• MMC ESTIMATION 

• THERMAL EFFECTS 

• INSTRUMENTS 

• SPACECRAFT 

• EARTH SENSOR (ES) 

• SNAPPING 

• DYNAMIC INTERACTIONS 

Achieving the stringent instrument servo performance in a zero gravity, thermal environment is a 
major concern because of the control, thermal, and structural dynamics problems encountered in 
the GOES-I instrument design and testing to date. Clearly, if the instrument servo design and 
implementation do not perform to expectations, the INR concept cannot perform as expected, 
since it requires repeatable and accurate instrument pointing. 

Orbit/attitude determination and control concerns are in the three areas of (1) systematic errors. 

(2) noise and (3) the estimation of the MMC required. Increased systematic errors (e.g., solar 
pressure) and increased ES noise will result in larger errors than predicted; however, the inability 
to estimate MMC to the required tolerance or an error in the computation of the spacccrait 



dynamics used for modeling the MMC will result in very degraded imagery. More importantly, 
poor MMC estimation will result in degraded star location performance, which directly affects 
orbit/attitude determination and the corresponding 1MC performance. 

With no GOES-I data to substantiate the INR performance budget, the thermal performance of 
the instruments, spacecraft, and earth sensor also may result in larger errors than budgeted. These 
errors, along with the systematic errors associated with O/A determination, can be contained to 
some extent with the use of S!,ort Span Attitude Adjustment (SSAA), which is discussed in 
Appendix C.2 and Section 10.3.1.1. Thermal snapping, if present, will result in very degraded 
performance during those time periods following a thermal snap. 

Finally, dynamic interactions could cause modal frequencies to be excited (i.e., non rigid body 
effects). The result could be an inability to accurately estimate the diurnal variations in 
instrument pointing that is central to the INR concept. This concern has been mitigated to some 
extent by the dynamic interaction spacecraft testing performed by LAS. 

10.1.2 Overview of Options I, II, and III 

The INR performance allocations of the GOES I-M spacecraft series and the three options studied 
are described in Appendix C. A brief overview of the performance of the three options is given 
below. Detailed system descriptions are given in Subsections 10.3, 10.4 and 103, which address 
the individual options. 

The GOES-I and Option I system performances are nearly identical. As shown in Appendix C, 
the primary difference in performance between the two systems is due to the improved earth 
sensor in the Option I system. Options II and III provide significant performance improvements 
as a result of the design changes delineated in Table 10.1.1-3. Note that all of the design 
changes for Option II are incorporated into Option III along with the noted additional instrument 
redesign- 

10. 1.3 Organization of The Control System/Image Navigation and Registration (INR) Design 
Section 

The remainder of Section 10 contains a discussion of Task 2: GOES I-M Improved 
Efficiency/Cost Effectiveness in Section 10.2 and descriptions and discussions of Options I, II, 
and III in Sections 10.3, 10.4, and 10.5, respectively. Section 10.6 contains the Recommended 
Additional Studies/Investigations to complete the Phase-A INR study effort, and Section 10.7 
discusses the iccommended research to further improve the current navigation and registration 
perforn anccs predicted for Option HI. 
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TABLE 10.1.1-3 
CONTROL SYSTEM FEATURES 
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10.2 Task 2: GOBS l-M Improved Efficicncy/Cost Effectiveness 

10.2.1 Study Areas 

The two studies performed in support of Task 2 were the elimination of north-south 
stationkccping by modifying the spacecraft to operate at large inclination angles, and an 
examination of the utility of providing an alternate back-up for the L-Modc wheel configuration 
to maintain INR performance if one of the V-Modc momentum wheels fails. 

10.2.2 Study Results 

10.2.2.1 Elimination of North-South Stationkeeping 

Operation of the spacecraft at inclinations up to 3.1 degrees as i means of eliminating the 
requirement for north-south stationkeeping has the advantages of: 

• Extending mission life to 7 years 

• Eliminating the periodic interruptions associated with north-south stationkeeping 

• Saving (about) 100kg of fuel which could be used as additional payload mass 

Unfortunately, there are a number of disadvantages associated with operating the GOES I-M 
spacecraft at large inclination angles. The study details are provided in Appendix A.1 and the 
results are summarized below. 

• Ground antennas will require modification to provide continuous spacecraft tracking 

• Continuous image and communications coverage to ± 60 degree latitudes is not possible at 
higher inclinations (i.e., each *-.y latitudes above 60 degree are not visible for a period of 
time and latitudes below -60 degree are not visible during a period of time that is 12 
hours later) 

• The present instrument servo is not capable of tracking the increased IMC 
rates/accelerations required by the higher inclinations to maintain a fixed grid 

• The only viable approach for providing a fixed grid may be re-sampling on the ground, 
since a redesign of the servo may not achieve the rates/accelerations necessary to support 
IMC. Also, the increased mass associated with the redesign will offset some of the fuel 
mass savings. 

• All the sun pointing instrument FOVs are impacted and would require redesigns 

• The coolers will need to be redesigned 

In considering the above, the system impacts appear to far outweigh! any of the derived benefits. 
As a result, the use of higher inclinations as a means of eliminating north-south stationkccping is 
not recommended. 
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10.2.2.2 Elimination of Control System Backup L-Mode Operation 

This task was undertaken because the initial analysis presented at the INR COR showed that the 
backup L-Mode of operation did not meet die INR jitter requirements. By providing on alternate 
back-up instead of the L-Mode wheel configuration, the spacecraft could still meet its INR 
performance with one wheel failed. 

As a replacement to the L-Mode, two alternate wheel configurations were investigated: (1) two 
redundant momentum wheels (a 4 momentum wheel configuration) and (2) a tilt mechanism and 
one extra momentum wheel which would be positioned to replace the failed wheel. Both of these 
configurations were found to require an increase in mass of about 10kg over the L-Mode. 

In mid February 1990, LAS prepared a memorandum showing that the INR CDR results were in 
error and that the L-Mode control system did meet the INR budget allocations. Since the 
alternate solutions being considered had a substantial mass impact, the study efforts were 
discontinued. 

103 Option I 

10.3.1 Overview of GOES I-M and Option I 

103.1.1 GOES I-M and Option I System Descriptions 

The GOES I-M and Option I system are identical except for the performance of the earth ' nsors, 
minor improvements to the imager servo, and a tightening of the momentum wheel tachometer 
noise specification. The system functional bhek diagram is given in Figure 103.1-1 and shows 
the command and data flow. Figure 103.1-2 is the spacecraft control system conceptual block 
diagram, and Figure 103.1-3 illustrates the Option I spacecraft configuration. 

In this system, an earth sensor maintains the spacecraft pointing towards the earth. Earth sensor 
detected attitude errors in roll or pitch are sent to the momentum bias control system. The control 
system then causes changes in the momentum wheel speed to compensate for the sensed change 
in attitude. 

The orbit and attitude are determined by a ground computer from (1) landmark and star 
measurements made using the instrument and (2) single station ranging data. The measurements 
(observations) for a 24 hour period are compared against the predicted locations for the landmarks 
and stars to determine the residual errors. These residual errors along with the ranging 
information are then used to update orbit/altitude information for the next 24 hour period. 

Based on the calculated orbit/attitude, a set of 1MC coefficients arc generated and uploaded to the 
spacecraft AOCE computer. These IMC coefficients arc then used to repoint the minors in the 
instruments to correct for diurnal variations in the orbit/attitude due to inclination and thermal 
effects. The IMC concept relies on diurnal variations Ircing essentially the same on successive 
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days. That is, the expected daily changes due to die position of the sun, normal orbit 
maintenance, etc. are within limits that permit the specified 1NR requirements to be met based on 
orbit/attitude predictions using the information from the previous 24 hours. 

The dynamic interaction effect of instrument mirror motion producing a spacecraft nutation also is 
accounted for by repointing the mirrors. This is referred to as MMC. The repointing to correct 
for dynamic interaction is based on a simulation model of the spacecraft dynamics and in-Oibit 
calibration of the model coefficients. The actual repeating determination is performed in real 
time by the AOCE computer using uniform time samples of the mirror positions received from 
both the imager and sounder. 

In order to account for the effects of clouds and radiance gradients, and any other non-iepeatable 
errors, SSAA will be used. SSAA (which impact the earth sensor) uses the residual errors from 
landmark and star measurements from a 2 or 3 hour period to determine if there is any trend in 
ihe mispointing. If the average value (mean) of the trend exceeds a preset threshold (e.g., lOpr), 
the zero order IMC coefficients for roll, pitch and/or yaw are corrected. The result is to maintain 
the non-repea table error within acceptable limits. 

10.3.1.2 Controller Hardware Description 

As described previously, the Option 1 spacecraft control system hardware is nearly identical to the 
GOES I-M spacecraft control system. Figure 103.1-1 depicts a block diagram lavout of the 
Option I control system hardware. In the on-orbit mode, a redundant set of horizon scanning 
earth sensors are used to provide pitch and roll attitude information to the AOCE. The earth 
sensors, developed by Lockheed in Sunnyvale, California, sense the earth limb through a pair of 
bolometers. The bolometer skv-earth transition data is fed into analog electronics circuitry and 
then through some complex adaptive threshold logic circuitry, which minimizes cold cl *id and 
radiance gradient effects, to generate the roll and pitch data. The sensor is expected to operate to 
relative earth diameters of up to 40 degrees. It provides data at 4Hz with a bit quantization of 
0.00125 degree (22prad). The noise of the sensor is quite high as compared to the expected 
spacecraft end-n-end performance. The 3-sigma noise is 0.025 degree (436prad) for pitch 
signal and 0.017 degree (296|xrad) for roll. The primary modification to the earth sensor for 
Option I is to improve sensor noise. These modifications arc expected to improve the noise 
characteristics by a factor of 1.4. 

The Opt.. i I spacec;aft will retain the basic three-axis, momentum bias configuration of 
GOES I-M. Two large momentum capacity wheels arranged in a V-sh. a pcd configuration 
provide gyroscopic stiffness and primary control icrque capability along the spacecraft pitch and 
yaw axes. The momentum wheels each can store up to 50ft-Ib-scc of momentum and provide 
12in-oz of control torque. For redundancy, a smaller, 2ft-lb-sce reaction wheel is mounted along 
the spacecraft yaw axis to replace the yaw component of cither of the momentum wheels. The 
COES 1 -M wheels arc provided by Teldix of Heidelberg, West Germany. The wheel system 
weights approximately 601b. 
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The Option I AOCE is based on four 2901 bit slice microprocessor elements. The AOCE 
operates at a dock speed of 1MHz and sends out torque commands at a rate of 4Hz. Other 
control hardware included on the Option I spacecraft include Sib thrusters for stationkccping and a 
solar sail, trim tab and 100amp-tum-m 2 torquer bars for momentum management. In addition, 
roarsc and fine sun sensors as well as rate integrating gyros are used to provide attitude 
information during acquisition and stationkeeping. For more detailed information of the Option I 
attitude control system, see the GOES I-M satellite operations handbook. 
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103.2 Summary of Predicted Performance 


103.2.1 Budget Allocation Description 

A full description of the allocation budget entries is provided in Appendix C Tables 103.2-1 
and 103.2-5 summarize the predicted INR performance of the GOES I-M and Option I systems. 
In Tables 103.2-2 through 103.2-8, the error is grouped into seven major categories which 
combine to form the total error 

1. Attitude stability (line 9). 

2. Mirror motioo compensation (MMC, line 19X 

3. Short term image motion compensation (IMC, line 20), 

4. Imager pointing (line 22), 

5. AOCE inte rf ac e (line 34), 

6. Lung term IMC errors with a perfect attitude model (line 41), 

7. Long tens IMC error from imperfections in the attitude model and error non-repeatability 

(line 44). 


TABLE 1033-1 

COMPARISON AND SUMMARY GOES I-M 



v ■ - 

V jF, V ■ > ■ ■ ' ■ 't 

navigation 
fca) • 

WITHIN .FRAME 
REGISTRATION 

i ; 

. i 

90 MINUTE 
FRAME-FRAME 
fcr) 

ATTITUDE STABILITY 

22.0 

31.0 

31.0 

MCC COMPUTATION 
ERROR 

7.0 

9.9 

9.9 

IMC COMPUTATION 
ERROR 

5.0 

7.0 

7.0 

IMAGER POINTING 

15.9 

22.5 

103 

AOCE INTERFACE 

4.9 

6.9 

6.9 

PERFECT O/A 
DETERMINATION 

26.0 

26.0 

26.0 

NONRPTL. ERROR W/SSAA 

18.7 

11.6 

12.6 

COMBINED ERROR 

43.1 

49.7 

45.9 

COMBINED ERROR WITH 
50% MARGIN 

64.7 

74.6 

68.8 
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ALLOCATION 


TABLli 10 3 2-2 


NAVIGATION 


25-Oct-90 


l Spec - GOE3-N Req't I 112 uR 


2 

3 

4 

File Name NAV-REV ! 

Imager Navigation 

GOES I-M 

5 

gr 

COMBINED SHORT&LONG TERM 


43.1 

O 

7 

8 
9 

SHORT TERM 


28.9 

ATT. STAB. 


22.0 

10 

ES/IRU NOISE 

20.0 


11 

DYN. INTER. 

9.1 


12 

RIGID BODY 

6.4 


13 

SA STEPPING 

4.0 


14 

MIRR. MOTION 

5.0 


15 

OTHER 

0.0 


16 

MW IMBALANCE 

5.0 


17 
1 J 

NONRIGD . BODY 

4.0 


19 

MMC COMP. ERR 


7.0 

20 

21 

IMC COMP. ERR 


5.0 

22 

IMGR. POINT 


15.9 

23 

IMC SERVO ERROR 

4.0 


24 

IMC PROC.ERR 

7.0 


25 

INTER. TORQ 

2.1 


26 

CRT. DRIFT 

0.4 


27 

QUAD. ERRORS 

0.0 


28 

LINEARITY 

3.5 


29 

LINEARITY BIAS 

12.0 


30 

NOISE/JITTER 

2.0 


31 

STEP/SETTLE 

1.0 


32 

DET. ROTATION 

4.2 


33 

VIDEO DELAY 

2.0 


34 

AOCE INTERFC 


4.9 

35 

LINE NOISE 

4.0 


36 

LPFILTER LAG 

2.0 


37 

38 

DAC ERROR 

2.0 


39 

40 

LONG TERM ORBIT/ATTITUDE 


32.0 

41 

42 

43 

PERFECT O/A DETFRMIN 
(From INR Sit.*ilator) 


26.0 

44 

UONRPTL. & O/A MOD. W/ 


18.7 

45 

ORBIT/ATTITUDE MODEL 


30.0 

46 

THERM (1M&SC) 

30.0 


47 

MODEL PARMTR 

0.0 


43 

NONRPTBL. ERR 


81.9 

49 

CLOUD/RADGRD 

70.0 


50 

HEATER OPS. 

30.0 


51 

S/C YAW 

30.0 
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ALLOCATION 


TAU1.I: *0.3. 2-3 


IN-FRAME REG. , 


2 5 -Oct -90 


1 

2 

3 

4 

Spec - GOES-N Req' t 
File Name INFR-REV 
Imager Navigation 

<*2 uR 
GOES I-H 

5 

COMBINED SHORT&LONG TERM 


49.7 

O 

7 

8 
9 

SHORT TERM 


40.8 

ATT. STAB. *1.41 


31.0 

10 

ES/IRU NOISE 

20.0 


11 

DYN. INTER. 

9.1 


12 

RIGID BODY 

6.4 


13 

SA STEPPING 

4.0 


14 

MIRR. MOTION 

5.0 


15 

OTHER 

0.0 


16 

MW IMBALANCE 

5.0 


17 

18 

NONRIGD . BODY 

4.0 


19 

MMC COMP . ERR* 1-41 


9.9 

20 

21 

IMC COMP . ERR* 1.41 


7.0 

22 

IMGR. POINT * 1.41 


22.5 

23 

IMC SERVO ERROR 

4.0 


24 

IMC PROC.ERR 

7.0 


25 

INTER. TORQ 

2.1 


26 

CRT. DRIFT 

0.4 


27 

QUAD. ERRORS 

0.0 


28 

LINEARITY 

3.5 


29 

LINEARITY BIAS 

12.0 


30 

NOISE/ JITTER 

2.0 


31 

STEP/SETTLE 

1.0 


32 

DET. ROTATION 

4.2 


33 

VIDEO DELAY 

2.0 


34 

AOCE INTERFC* 1.41 


6.9 

35 

LINE NOISE 

4.0 


36 

LPFILTER LAG 

2.0 


37 

38 

DAC ERROR 

2.0 


39 

40 

LONG TERM ORBIT/ATTITUDE 


28.5 

41 

42 

43 

PERFECT O/A DETERMIN 
(From INR Simulator) 


25.0 

44 

NONRPTL. & O/A MOD. W/ 


11.6 

45 

ORBIT/ ATTITUDE MODEL 


8.0 

46 

THERM (IM&SC) 

8.0 


47 

MODEL PARMTR 

0.0 


48 

NONRPTBL. ERR 


14 . 1 

49 

CLOUD/ RADGRD 

6.0 


50 

HEATER OPS. 

8.0 


51 

S/C YAW 

10.0 
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ALLOCATION 


TABLE 10 . 3 . 2-4 


REGISTRATION 


25-Oct-90 


1 

2 

3 

4 

Spec - GOES-N Req't 
File Name REG-REV 
Imager Navigation 

84/105 UR 
GOES I-M 

5 

COMBINED SHORT&LONG TERM 


45.9 

O 

7 

8 
9 

SHORT TERM 


35.6 

ATT. STAB. *1.41 


31.0 

10 

ES/IRU NOISE 

20.0 


11 

DYN. INTER. 

9.1 


12 

RIGID BODY 

6.4 


13 

SA STEPPING 

4.0 


14 

MIR l. MOTION 

5.0 


15 

OTHER 

0.0 


16 

MW IMBALANCE 

5.0 


17 

18 

NONRIGD . BODY 

4.0 


19 

MMC COMP . ERR* 1.41 


9.9 

20 

21 

IMC COMP - ERR* 1.41 


7.0 

22 

IMGR. POINT 


10.5 

23 

IMC SERVO ERROR 

4.0 


24 

IMC PROC.ERR 

7.0 


25 

INTER. TORQ 

2.1 


26 

CRT. DRIFT 

0.6 


27 

QUAD. ERRORS 

0.0 


28 

LINEARITY 

4.9 


29 

LINEARITY BIAS 

0.0 


30 

NOISE/JITTER 

2.8 


31 

STEP/SETTLE 

0.0 


32 

DET. ROTATION 

0.0 


33 

VIDEO DELAY 

2.8 


34 

AOCE INTERFC*1.41 


6.9 

35 

LINE NOISE 

4.0 


36 

LPFILTER LAG 

2.0 


37 

38 

DAC ERROR 

2.0 


39 

40 

iiONG TERM ORBIT/ ATTITUDE 


28.9 

41 

PERFECT O/A DETERMIN 


26.0 • 

42 

43 

(From INR Simulator) 


1 


44 

45 

46 

47 

48 

49 

50 

51 


NONRPTL. & O/A MOD. W/ 
ORBIT/ATTITUDE MODEL 
THERM (IM&SC) 
MODEL PARMTR 
NONRPTBL. ERR 

CLOUD/RADGRD 
HEATER OPS. 
S/C YAW 


12.0 

0.0 


14.0 

10.0 

15.0 


12.6 

12.0 

22.8 
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TABLE 10.3.2-5 

COMPARISON AND SUMMARY GOES-N 



-W-v OP1ION4 • '■ 4'A 

NAVIGATION 

(fir) 

WITIIINJFRAME 

REGISTRATION 

"v "?.W 

90MINUTF,. 

FRAME-FRAME 

ATT. STAB. 

17.5 

24.8 

24.8 

MMC COMP. ERR 

7.0 

9.9 

9.9 

IMC COMP. ERR 

5.0 

7.0 

7.0 

IMGR. POINT 

15.9 

22.5 

103 

AOCE INTERFC 

4.9 

6.9 

6.9 

PERFECT O/A 
DETERMINATION 

26.0 

26.0 

26.0 

NONRPLT. ERR 
W/SSAA 

18.7 

11.6 

12.6 

COMBINED ERROR 

41.0 

46.1 

41.9 

COMBINED ERROR 
W/50% MARGIN 

61.6 

69.1 

62.8 


Items (1) through (5) are considered short term sources of error, because they vary more rapidly 
than the nutation period of the spacecraft (approximately 3 minutes). 

Itemc (6) (line 41) and (7) (line 44) characterize long term errors in the IMC signal. In both the 
GOES I-M and GOES-N systems, star and landmark measurements are used to make 
observations of pointing error throughout each orbit. The observed error is then used to generate 
an IMC correction to be applied the following day. This scheme is designed to remove slowly 
varying errors from the system. Item (6) refers to the residual orbit/attitude error from one day to 
the next. Even if the IMC could repeat exactly the next orbit, and even if the spacecraft could 
follow the correction perfectly, there will still be pointing error due to instrument noise. 

Item (7) includes the errors which occur because the system may only be capable of following an 
approximation of the calculated correction, and because the correction applied today based on 
yesterday's error will not be entirely conect due to non-repeatability of the error sources (c.g., 
change in the sun angle). 

The 1NR performance budget allocation errors were important to understand during the initial 
study efforts, because they provided insight into how to provide significant improvements in 
Options ll/Ill and some level of improvements in Option I. Tabic 10.3.2-9 lists the errors by 
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ALLOCATION 


TABLE 10.3. 2-0 


NAVIGATION, 25-Oct-90 


2 

3 

4 

File Name NAV-REV1 
Imager Navigation 

OPTION 1 

5 

a 

COMBINED SHORT&LONG TERM 


41.0 

o 

7 

8 
9 

SHORT TERM 


25.6 

ATT. STAB. 


17.5 

10 

ES/TACH 

15.0 


11 

DYN. INTER. 

9.1 


12 

RIGID BODY 

6.4 


13 

SA STEPPING 

4.0 


14 

MIRR. MOTION 

5.0 


15 

OTHER 

0.0 


16 

MW IMBALANCE 

5.0 


17 

18 

NONRIGD. BODY 

4.0 


19 

MMC COMP. ERR 


7.0 

20 

21 

IMC COMP. ERR 


5.0 

22 

IMGR. POINT 


15.9 

23 

IMC SERVO ERROR 

4.0 


24 

IMC PROC.ERR 

7.0 


25 

INTER. TORQ 

2.1 


26 

CRT. DRIFT 

0.4 


27 

QUAD. ERRORS 

0.0 


28 

LINEARITY 

3.5 


29 

LINEARITY BIAS 

12.0 


30 

NOISE/JITTER 

2.0 


31 

STEP/SETTLE 

1.0 


32 

DET. ROTATION 

4.2 


33 

VIDEO DELAY 

2.0 


34 

AOCE INTERFC 


4.9 

35 

LINE NOISE 

4.0 


36 

LPFILTER LAG 

2.0 


37 

38 

DAC ERROR 

2.0 


39 

40 

LONG TERM ORBIT/ATTITUDE 


32.0 

41 

42 

43 

PERFECT 0/A DETERMIN 
(From INR Simulator) 


26.0 

44 

NONRPTL. & 0/A MOD. W/ 


18.7 

45 

ORBIT/ATTITUDE MODEL 


30.0 

46 

THERM (IM&SC) 

30.0 


47 

MODEL PARMTR 

0.0 


48 

NONRPTBL. ERR 


81.9 

49 

CLOUD/RADGRD 

70.0 


50 

HEATER OPS. 

30.0 


51 

S/C YAW 

30.0 
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ALLOCATION 


TABLE 10.3.2-7 


IN-FRAME REG. 


25-Oct-90 


1 

2 

3 

4 

Spec - GOES-N Req't 
File Name INFR-RE1 
Imager Navigation 

42 UR 
OPTION 1 

5 

COMBINED S SORT & LONG TERM 


46.1 

O 

7 

8 
9 

SHORT TERM 


36.2 

ATT. STAB. *1.41 


24.8 

10 

ES/TACH 

15.0 


11 

DYN. INTER. 

9 - 1 


12 

RIGID BODY 

6.4 


13 

SA STEPPING 

4.0 


14 

MIRR. MOTION 

5.0 


15 

OTHER 

0.0 


16 

MW IMBALANCE 

5.0 


17 

18 

NONRIGD . BODY 

4.0 


19 

MMC COMP.ERR*1.41 


9.9 

20 

21 

IMC COMP.ERR*1.41 


7.0 

22 

IMGR. POINT * 1.41 


22.5 

23 

IMC SERVO ERROR 

4.0 


24 

IMC PROC.ERR 

7.0 


25 

INTER. TO RQ 

2.1 


26 

CRT. DRIFT 

0.4 


27 

QUAD. ERRORS 

0.0 


28 

LINEARITY | 

3.5 


29 

LINEARITY BIAS 

12.0 


30 

NOISE/JITTER 

2.0 


31 

STEP/SETTLE 

1.0 


32 

DET. ROTATION 

4.2 


33 

VIDEO DELAY 

2.0 


34 

AOCE INTERFC* 1.41 


6.9 

35 

LINE NOISE 

4.0 


36 

LPFILTER LAG 

2.0 


37 

38 

DAC ERROR 

2.0 


39 

40 

LONG TERM ORBIT/ATTITUDE 


28.5 

41 

42 

43 

PERFECT O/A DETERMIN 
(From INR Simulator) 


26.0 

44 

NONRPTL. & O/A MOD. W/ 


11.6 

45 

ORBIT/ ATTITUDE MODEL 


8.0 

46 

THERM (IM&SC) 

8.0 


47 

MODEL PARMTR 

0.0 


48 

N0NRPT8L . ERR 


14.1 

49 

CLOUD/RADGRD 

6.0 


50 

HEATER OPS. 

8.0 


51 

S/C YAW 

10.0 
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ALLOCATION 


TABLd 10.3.2-S 


REGISTRATION 


14 -Nov-90 


1 

2 

3 

4 

Spec - GOES-N Req't 
File Name REG-REV1 
Imager Navigation 

42 uR 
OPTION 1 

5 

COMBINED SHORT&LONG TERM 


41.9 

o 

7 

8 
9 

SHORT TERM 


30.3 

ATT. STAB. *1.41 


24. 8 

10 

ES/TACH 

15.0 


11 

DYN. INTER. 

9.1 


12 

RIGID BODY 

6.4 


13 

SA STEPPING 

4.0 


14 

MIRR. MOTION 

5.0 


15 

OTHER 

0.0 


16 

MW IMBALANCE 

5.0 


17 

18 

NONRIGD. BODY 

4.0 


19 

MMC COMP . ERR* 1.41 


9.9 

20 

21 

IMC COMP.ERR*1.41 


7.0 

22 

IMGR -POINT 


10.5 

23 

SERVO ERROR 

4.0 


24 

X. PROC.ERR 

7.0 


25 

INm \R.TORQ 

2.1 


26 

CKT. DRIFT 

0.6 


27 

QUAD. ERRORS 

0.0 


28 

LINEARITY 

4.9 


29 

LINEARITY BIAS 

0.0 


30 

NOISE/JITTER 

2.8 


31 

STEP/SETTLE 

0.0 


32 

DET. ROTATION 

0.0 


33 

VIDEO DELAY 

2.8 


34 

AOCE INTERFC* 1.41 


6.9 

35 

LINE NOISE 

4.0 


36 

LPFILTER LAG 

2.0 


37 

38 

DAC ERROR 

2.0 


39 

40 

LONG TERM ORBIT/ATTITUDE 


28.9 

41 

42 

43 

PERFECT O/A DETERMIN 
(From INR Simulator) 


26.0 

44 

NONRPTL. & O/A MOD. W/ 


12.6 

45 

ORBIT/ATTITUDE MODEL 


12.0 

46 

THERM (IM&SC) 

12.0 


47 

MODEL PARMTR 

0.0 


48 

NONRPTBL . ERR 


22.8 

49 

CLOUD/RADGRD 

14.0 


50 

HEATER OPS. 

10.0 


51 

S/C YAW 

15.0 
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TABLE 103.2-9 

GOES I-M/OPTION 1 MAJOR PERFORMANCE DRIVERS 
GN ORDER OF IMPACT) 


1 navigation .* 

V ■ • IN-FRAME . 

REGISTRATION 

FRAME-FRAME 
. REGISTRATION 

LONG TERM ORBIT/ATTITUDE 

• THERMAL DEFORMATION 

• SPACECRAFT YAW 

ATTITUDE STABIUTY/ES NOISE 

ATTITUDE STABIUTY/ES NOISE 

INDUCTOSYN LINEARITY 

INDUCTOSYN LINEARITY 

NON-REPEATABLE ERRORS 

• CLOUDS/RADIANCE 
GRADIENTS 

• HEATER OPERATIONS 

ATTITUDE STABIUTY/ES NOISE 

IMAGER POINTING 

LONG TERM ORBIT/ATTITUDE 

• THERMAL DEFORMATION 

• SPACECRAFT YAW 

NON-REPEATABLE ERRORS 

• CLOUDS/RADIANCE 
GRADIENTS 

• HEADER OPERATIONS 

LONG TERM ORBIT/ATmUDE 

• THERMAL DEFORMATION 

• SPACECRAFT YAW 




NON-REPEATABLE ERRORS 

• CLOUDS/RADIANCE 
GRADIENTS 

• HEATER OPERATIONS 



their relative importance for navigation and in-frame and frame-frame registrations. The attitude 
stability error is primarily due to earth sensor noise/jitter. The orbit/attitude determination error is 
due to large thermal deformations and spacecraft yaw which is not controlled, except through 
quarter orbit roll/yaw coupling. Inductosyn linearity, which is included in the servo pointing, is 
separated from the other servo errors because it is a major error in the GOES-1 design. The 
major non-repeatable errors are expected to be due to the effects of clouds and radiance gradients. 
All of these error sources are reduced or eliminated by the control system, servo design, and 
material/structural changes proposed for Options II/III. 


The error totals given in the tables for items (1) through (6) result from a Root Sum Square (RSS) 
combination of the errors which comprise each category. The total for item (7), however, is 
calculated differently because of the use of SSAA. SSAA is a process by which pointing error is 
monitored for 2-3 hours, and, if a bias error greater than some thresholo (lOpr, for example) is 
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detected, a correction is introduced into the IMC signal to compensate for the error. The error for 
item (7) was therefore estimated as lOpr plus 10% of the RSS total of its two components 
(orbit/attitude model and non-rcpcatablc error). The 10% of the RSS total is included to account 
for the error which SSAA docs not remove successfully. 

Figures 10.3.2-1 and 10.3.2-2 summarize the INR performance assessments for GOES I-M and 
Option I, using bar charts which show the six largest error sources (all except item (5)). 

However, item 5, AOCE interface error, is included in the total. The only diffc ence between 
GOES I-M and Option I which affects INR performance is the earth sensor configuration, so the 
tables and figures for the two systems arc nearly identical. 

103.2.2 GOES I-M Performance Results 

103.2.2.1 Navigation 

Figure 103.2-2 illustrates that the predicted navigation performance of the GOES 1-M system is 
64.7pr (including a 50% margin); thus the system is expected to meet the 112pr requirement. 
Long term error from calculating the IMC correction signal is the largest source of navigation 
error (26.0pr), followed by attitude stability (22-0pr). 

103.2.2.2 Within-frame reg! 'ration 

Figure 103.2-2 indicates that the predicted within-frame registration performance of the 
GOES I-M system is 74.6pr (including a 50% margin), which exceeds the 42pr requirement. 

Although the long term error from non-repeatability decreased from navig«/ion levels, many of 
the short term errors increased by the square root of two because of their random nature. The net 
effect is a moderate increase in overall error. As in navigation, attitude stability and long term 
error are the top two sources, but imager pointing also shows a significant contribution. Because 
there are several sources showing strong contributions to the total error, reduction of the total to 
meet the specification would require several different improvements to the system. 

103.2.23 Frame-to-frame registration 

Figure 103.2-2 indicates that the predicted frame-to-frame registration performance of the 
GOES I-M system is 68.8pr (including a 50% margin), and the system is, therefore, expected to 
meet the 84 pr requirement. The overall error is slightly less than in the within-frame case, 
largely because of a significant reduction in imager pointing error. This reduction occurs because 
servo bias errors arc essentially the same for the same pixel in two images of the same area of 
the earth and do not contribute to this error source. The distribution of error is otherwise similar 
to the within-frame case, with attitude stability being the largest contributor. 
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10.3.2.3 Option 1 (Improved GOES -I) Performance Results 

10.3.2.3. 1 Navigation 

Figure lf’J.2-1 shows that the predicted navigation error performance of the Option I system is 
61.6pr (including a 50% margin), which represents a slight improvement over the GOES I-M 
system. Al! of the improvement is due to the inclusion of an improved earth sensing system in 
the Option I design, which leads to a reduction in attitude stability error. As in the GOES I-M 
budget, long term error in the IMC signal shows the greatest contribution to the total error. The 
Option I system is expected to meet the 112pr navigation error requirement 

103.23.2 Wi thin-frame registration 

Figure 103.2-1 shows that the predicted within -frame registration error performance of the 
Option I system is 69.1pr (including a 50% margin) which exceeds the 42pr requirement The 
i eduction in attitude stability error from GOES I-M levels brings the total error without margin to 
46.1pr, which approaches the required value. However, several sources still show large 
contributions to the total error which indicates that achieving the performance goal will be 
difficult with the Option I design. 

103.23.3 Frame-frame registration 

Figure 103.2-1 shows that the predicted frame -to-frame registration performance of the Option 1 

system is 62.8 pr (including a 50% margin), which exceeds the 42pr requirement 

Excluding the margin, the error is 41.9pr and just meets the requirement Imager pointing error is 

reduced from within frame levels, due to the absence of servo bias error. With this reduction, the 

total error is primarily a function of only two sources: attitude stability c_.d long term IMC error. 

Further improvement in either of ihc^z two areas would provide some margin for meeting the 

requirement. 

10.4 Option II Control and Pointing Subsystems 
1C. 1.1 Option II Overview 

10.4.1.1 Option II Description 

The Option II control system functional block diagram is given in Figure 10.4.1-1; it shows the 
major system element 0 and the command and data flow between these elements. Figure 10.4.1-2 
contains the spacecraft control and pointing system conceptual block diagram. Both figures zjc 
referred to in the following paragraphs. Figure 10.4.1-3 shows the configuration of the Option II 
and III spacecraft and some of the key features, including the orientation of the star trackers and 
the redesigned solar arrays to minimize solar torque effects. Table 10.4.1-1 summarizes the 
Option II/III improvements with respect to the Option I/GOFS-I systems. 
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TABLE 10.4.1-1 

Option 11/111 improvements with respect to Option l/GOES-1 


| AREA OF CHANGE 

IMPROVEMENTS ™| 

| OPTION n | 

STAR TRACKER/GYRO 

SPACECRAFT UTTER 
YAW CONTROL 

ZERO MOMENTUM BIAS/REACTION 
WHEELS 

DYNAMIC INTERACTION 
STATIONKEEPING RECOVERY TIME 

OPTICAL BENCH 

THERMAL DEFORMATIONS, STRUCTURE/ 
MODAL FREQUENCY PERFORMANCE 

SPACECRAFT MOTION 
COMPENSATION REPOINTING 

REALTIME MIRROR COMPENSATION (FOR ALL 
DYNAMIC INTERACTION) 

INSTRUMENT SERVO - 3* OPTICAL 
ENCODER 

IMPROVED INSTRUMENT POINTING 

SOUNDER REDESIGN 

THERMAL DEFORMATIONS. STRUCTURAL/ 
MODAL FREQUENCY PERFORMANCE 

BIANNUAL YAW FLIP 

IMPROVED COOLER PERFORMANCE* 

RECONFIGURED SOLAR ARRAY 

MINIMIZE SOLAR TORQUE EFFECTS 

OPTION m 

ALL OF THE ABOVE 

INSTRUMENT REDESIGN - 
IMPROVED INSTRUMENT POINTING 
5’ OPTICAL ENCODER 

THERMAL DEFORMATIONS, STRUCTURAL/ 
MODAL FREQUENCY PERFORMANCE 


BIANNUAL SPACECRAFT YAW FLIP WILL NOT BE REQUIRED FOR OPTION IF 
IF A MECHANICAL REFRIGERATOR AND REDESIGNED IMAGER ARE USED 


The Option II system is an inertially referenced system, using star trackers and very stable 
gyroscopes to maintain the spacecraft attitude in roll, pitch and yaw. The advantage of this 
implementation over the GOES I-M earth referenced, earth sensor system is a significant 
reduction in jitter. Also, the pitch axis is maintained parallel with the earih's north-south axis 
throughout the orbit. However, since this implementation is not an cart’i referenced system, it is 
more sensitive to orbit errors, requiring better orbit determination. As a result, two remote sites to 
receive ranging data contained in the processed data stream (i.c., analogous to the retransmitted 
CVAR data stream in GOES l-M) will be required. These sites aiuld be unmanned or be located 
at sites that already receive processed data. 




























Referring to Figure 10.4.1-2, the INR operation on the spacecraft relies on the pointing direction 
determination of the star tracker/gyro system to generate error signals in roll, pitch and yaw. Th; 
error signals arc processed in the ACE to produce two sets of control signals: 

• Low frequency torque signals to continuously maintain the spacecraft pointing by 
controlling the speed and direction of the reaction wheels at a 0.1 Hz controller bandwidth 

• High frequency attitude error signals for repointing the instrument minors to compensate 
for the attitude errors that cannot be followed by the above "closed loop” star trackcr/gyro, 
ACE, and reaction wheels control subsystem; this minor compensation is tamed SMC 

The new feature of 'his control system is SMC, which replaces the open loop MMC on 
GOES I-M. SMC uses the realtime error signal sensed by the star tracker/gyro to correct for 
any higher frequency pointing errors that cannot be compensated by the control system. The 
SMC signal is ad Jed to the IMC signal, in the same manner that MMC is added to IMC on the 
GOES-I spacecraft (Appendix A provides additional details of the SMC system.) 

The control system ground processing will be similar to GOES I-M for IMC attitude 
determination based on landmark and star data obtained through the instrument. The IMC is 
determined by ground processing of 24 hours of data, with the instantaneous minor pointing 
correction computed on the spacecraft (like GOES I-M). However, the IMC in the GOES-N 
system is used to compensate only for inclination and thermal variations between the instrument 
focal plane and star tracker/gyro system. In addition, the resulting error due to imperfect IMC 
corrections will be less than in GOES-I, because the use of an optical bench and the redesigned 
sounder (the redesign of the imager is part of Option III) will result in significantly smaller 
overall thermal deformations to be corrected. 

In comparison with the GOES I-M control system, the GOES-N control system provides: 

• Control for toll, pitch, and yaw axes 

• Wider bandwidth control loops to better track perturbations 

• Rapid recovery within minutes following a Station Keeping (SK) maneuver 

• Lower jitter 

• Immunity to clouds or radiance gradients 

• Realtime repointing of the mirrors based on error signals from the control system (i.c., not 
models), which permits sensing of dynamic interactions due to any cause including mirror 
motion and low frequency flexible body effects 

• Smaller IMC corrections that will only need to correct for inclination and thermal 
distortions 

• An SSAA capabilit) as a backup, if required, to compensate for slowly varying pointing 
errors 

In addition, the Option II and III spacecraft will not have a solar sail and trim tab, which results 
in an improvement in the passive cooler performance. Thruster firings will be used about once 
per day to unload the wheel momentum (Appendix A.3) resulting from the absence of the solar 
sail and trim tab. These thruster firings will lx- -= ().5sec in duration from two 51b thrusters; and 
the improved control system will accommodate these firings without an interruption in service. 



An initial assessment indicated that continuous stationkccping could be achieved by increasing the 
thruster firing to — Sscc duration. However, additional effort is required to validate this concept, 
and develop the design and operational philosophy as well as determine any constraints. The 
primary purpose of continuous stationkccping Is to maintain ti' spacecraft inclination within tight 
limits, thereby minimizing the magnitude and rate of change of 'he required IMC correction. As a 
result, larger instrument focal plane arrays can be used as a meins of minimizing the time 
required for fabrication and alignment 

As a means of further lowering the passive cooler operational temperatures by reducing the 
amount of reflected heat from the sun, the spacecraft will be "flipped* about the yaw axis 
biannually. Large angle slew maneuvers have been performed on all inertial pointed spacecraft 
and is considered a safe procedure. 

Finally, as shown in Figure 10.4.1-3, the solar array is redesigned to move the center of pressure 
closer to the spacecraft body to reduce the solar torque effect. 

The net effect of the above is a significant improvement in navigation, within frame and frame- 
frame registration as well as lowering the passive cooler temperature 10-20 degrees C below 
GOES-I and mitigating instrument implementation and alignment More importantly, the Option 
II (and Option III) INR control system has less risk than the unflown GOES-I INR system, 
because the hardware and concepts all have flight heritage, and the design is inherently more 
robust and able to compensate larger and/or unexpected error sources. 

10.4.1.2 Controller Hardware Description 

Figure 10.4.1-1 depicts a hardware functional block diagram of the Option II/III attitude control 
system. The major elements of the control system are star trackers and inertial reference sensors 
for attitude determination, attitude control electronics for computation, and a set of four reaction 
wheels for control actuation. The DRIRU II inertial reference unit, developed by Teledyne is 
baselined as the primary attitude sensor. The 351b DRIRU II uses dually redundant dry-tuned 
gyros to sense incremental changes in spacecraft inertial attitude. A 15Hz or higher DRIRU 
bandwidth with as output quantization of 0.0125arcsec/pulse is reqri’ed to provide high quality 
SMC data. In addition, the DRIRU II sample frequency should be 50Hz or higher. The DRIRU 
II was selected for its excellent mechanical drift properties ,'nd extensive flight experience. 

An array of three CCD star trackers succeed in (by viewing inertially fixed targets) removing the 
drift inherent in a gyro-based attitude sensing system. The star tracker characteristics chosen 
include a 4 degree by 4 degree FOV with sensitivity down to 6th magnitude stars. The trackers 
arc pointed 120 degree apart about a 35 degree half angle cone pointed due north in the celestial 
field. Candidate trackers include the Ball Aerospace CT-601, the Hughes Danbury ASTRA-H, 
and the JPL ASTROS tracker. 

The ACE proposed for GOES-N is based on the SEDS computer developed at GSFC for the 
small explorer program. The SEDS uses an 80386 -based processor with an 80387 co-processor 
operating at a clock speed of 16MHz. Data I/O functions betw< en the processor and the sensors 
and actuators are performed using MIL STD 1773 data bus architecture. 
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A set of four reaction wheels is the torque actuation system for the on-orbit mode. In contrast to 
the Option I system, the wheels do not provide a momentum bias to the spacecraft but operate 
near the zero momentum condition. The wheels arc set in a pyramidal arrangement to provide 
redundancy. The four wheel system is estimated to weight lOOIbs. Each reaction wheel provides 
13in-oz of control torque and can absorb SOft-lb-sec of stored spacecraft momentum. 

Secular momentum buildup is managed on a daily basis by coupled thruster firings. Similar to 
the Option I spacecraft, the Option 11/111 controller design incorporates 51b thrusters. Magnetic 
wheel unloading for this configuration was not baselined. 

Acquisitior and stationkeeping maneuvers are performed using the coarse and fine sun sensors, a 
low cost eirth sensor and the DRIRU II gyro. 

10.4.1.3 Instrument Pointing and Control Elements 

The Option U instrument concepts incorporate several changes to the GOES-I designs to achieve 
better pointing performance. The changes are intended to address the areas of the GOES-I design 
which impose the greatest limitations on pointing performance. 

First, the Option II sounder will be redesigned using GFRP material in an attempt to reduce the 
structural control interaction difficulties found in the GOES-I design. This new sounder design 
will produce a stifle: instrument that is also much less susceptible to thermal distortion, rhe 
mechanical configuration of the new design may employ either a two minor system or a single 
mirror two axis scan assembly, depenoing on the results of future study of these concepts. The 
new configuration will still have motors and shaft angle sensors on opposing sides of shafts, 
because it was found that locating them on the same side aggravates stability problem cf the 
servo. 

The Option II imager, which has a less demanding scan profile than the sounder, will employ the 
same structure as used in GOES-I. In Option III, the imager structure will also be redesigned. 

A second design improvement is the use of 3inch disk optical encoders instead of inductosyns as 
shaft angle sensors in the servos. A comparison of the optical encoders with the inductosyns has 
shown that the optical encoders offer superior performance. 

The third change to the GOES-I design addresses the servo controller for both the imager and the 
sounder. A new controller will be implemented using a more effective control strategy. Several 
viable alternatives for a new control strategy have been identified in this study (Section 10.4.2.2). 
Most promising among these is the use of a pre-filtering/feed-forward design concept to improve 
the sounder step and settle performance. 

Another controller modification is the adoption of a digital implementation. The major benefit of 
a digital implementation is its ability to be tuned on-orbit. This reduces the risk of degraded 
servo pointing performance due to structural mode frequency shifts that may result from launch 
vibration, thermal and/or zero gravity effects. In addition, a digital design can accommodate 
several control strategies. The final decision to pursue an analog or digital implementation must 
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consider all of the relevant factors including computation requirements, power consumption, cost, 
etc 1 . However, based on the effort to date, the inherent capability of the digital implementation 
to accommodate changes warrants its inclusion in the Option II/III system. 

10.4.2 Option II Design Considerations 

A wide spectrum of control subsystem configuration and instrument design improvements were 
considered for the Option Ii spacecraft design. For the Option II and III controller design, a 
"clean slate” approach was taken, with the primary goal to maximize system performance 
(accuracy and jitter). However, to minimize programmatic risks and to reduce spacecraft design 
cost, unproven and advanced technology concepts and hardware were not considered. 

The instrument study for GOES-N is primarily a GOES-I instrument design improvement study. 
Due to funding limitations, only a redesign of the GOES I-M one-mirror, two-axis gimbal 
system was considered. Note, however, that a preponderance of the results from this study (e.g., 
sensor/motor co-location, structural material selection and feedforward compensation) can be 
applied to a dual minor servo system. 

The following paragraphs highlight the design trade-offs performed during the Option II design 
study; Table 10.4.2-1 presents ihe -rajor system drivers, the design changes selected to address 
these drivers, and the resulting system impacts. For details/specifics of the various system trades, 
refer to Appendices A and B. 

10.4.21 Control Subsystem Alternatives 

A number of control subsystems were assessed for use on the GOES-N spacecraft (Appendix 
A3.1, Alternative Configurations Studied). Included were the following generic approaches with 
various implementation alternatives for the real time control of the attitude; 

• Star detection with three star trackers 

• Polaris star tracker and earth sensors 

• Detection of ground beacotis 

• Use of oosition determination satellites 

10.4.2.1.1 Baseline Control Subsystem Configuration 

The selected GOES-N control subsystem employs ^ar detection with three star tracker? ..da 
flight proven IRU. This approach was selected because it provides about the best INR 
performance with very low implementation risk. 

The recommended subsystem utilizes 3 star trackers spaced at 120 degree around the pitch axis 
ar.d canted down 35 degree from the celestial pole (Figure 10.4.1-3). Failure of a single star 


1 Note that these have not been fully addressed to date due to 
study limitations. 
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tracker only causes slight attitude performance degradation; thus, full redundancy is maintained 
for this configuration. The associated IRU is the redundant DRIRU 11 which has flown on a 
number of spacecraft. The operation of this subsystem is described in the preceding Section 
10.4.1. 

The following sections synopsizc the other approaches considered and rejected for the reasons 
specified. More details are provided in Appendix A3. 

10.4.2.1.2 Polaris Star Detectors 

The use of Polaris star trackers in conjunction with the existing earth sensor, were considered as a 
means of potentially simplifying the requirement of the baseline approach to continuously track 
different stars. This approach would eliminate the need for complex star catalogs and will provide 
precise spacecraft control along the roll and yaw axes. The primary drawback of this approach is 
that, without additional star trackers, the spacecraft pitch cannot be controlled anywhere near that 
required to meet the GOES-N performance. In addition, the spacecraft would need at least 2 
Polaris trackers to satisfy redundancy requirements. Since this controls architecture cannot meet 
the stringent GOES-N performance requirements, it was dropped from further study. 

10.4.2.1.3 Detection of Ground Beacons 

The use of ground beacons is potentially desirable because the beacons, like stars, would provide 
point sources for controlling the spacecraft attitude and would be earth referenced. Thus, the jitter 
performance would be similar to the baseline subsystem, but would only incur about a sixth of 
any error in orbit position. Moreover, comparable INR performance to the baseline Option II 
system could be achieved without additional ranging stations (i.e., the orbit could be determined 
as in GOES-I using instrument star and landmark measurements). 
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1ABLE 10.4.2-1 

OPTIONS 11 & III SYSTEM TRADES 


l| " " ' "" ' 

DRIVER 

DESIGN CHANGES) 

IMPACT ' I 

NAVIGATION/REGISTRATION 

STABILITY 

GYRO/STAR TRACKER ZERO 
MOMENTUM CONTROLLER 

MULTISTATION RANGING | 

REQUIRED FOR EARTH POINTED 
SPACECRAFT 

IMAGER/SOUNDER COOLER 
PATCH TEMPERATURE 

- REMOVE SOLAR SAH/TRIM 
TAB 

- NO MAG TORQUERS 

- ELIMINATE COOLER SUN 
SHADES 

DAILY THRUSTER FIRINGS 
ORBIT UNCERTAINTY YAW AXIS 
FLIP 

INSTRUMENT POINTING 
ACCURACY 

OPTICAL ENCODER 

REMOVE INDUCTOSYN 

INSTRUMENT POINTING 
STABILITY 

MODIFIED STRUCTURE & 
MODIFIED MOUNTING 

INCREASE NSTRUMENT 
STRUCTUT *L FREQUENCIES & 
MINIMIZE THERMAL 
DEFORMATIONS 


IMPROVED SERVO 
CONTROLLER 

DIGITAL PROCESSING | 

8 CHANNEL-TO-CHANNEL 
| ALIGNMENT 

LARGE FOCAL PLANE 

REQUIRES RESAMPLING OR 

continuous i: 

IN-FLIGHT ALvjNMENT 
TECHNIQUES* 

MINIMIZE BEAM SPUTTERS 


• NOT CURRENTLY BASELINE 


This approach was 1 ot re*, ammended for the following reasons: 


• Most laser be con- are severely attenuated by cloud cover, which would require numerous 
locations, wider distributed to ensure a high probability that 2-3 beacons would always 
be visible. 

• Microwave beacons at the frequencies likely to be available for this application arc 
attenuated by precipitation. Sitting, while not as severe as for laser beacons, would still be 
a problem. 

• Both laser and microwave beacons would require national and international Consultative 
Committee International Radio/Consultativc Committee on International Telegraph and 
Telephone (CCIR/CCITT) coordination before they could be introduced, often a long and 
involved process, in addition to the usual frequency coordination process necessary' before 
installation of transmission equipment at a new site. 

• Laser beacons might require tnat airplanes be excluded from <h( ; rspaec above ihe 
beacons. 
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• Both laser and microwave beacons would require some amount of routine maintenance and 
repair that would appear to be at least as expensive as for the proposed ranging stations, if 
not more expensive because of the need for additional sites. 

The use of an interferometer on the spacecraft in conjunction with ground based beacons was also 
considered. This application using ground based beacons was also not recommended for most of 
the above reasons. In addition, the attitude determination requires that the antcnna/tecciver 
separations of 3m be known to 30pm to achieve the allocated lOpr of attitude uncertainty. 

Thermal deformations alcnc will make this difficult. 

10,4.2.1.4 Use of Position Determination Satellites for Otbit Determination 

Both the GPS system and the TDRSS plan to incorporate means by which geostationary satellites 
can continuously receive their transmissions, and thereby determine their focarioos/orbit. Given the 
uncertainty in both future program funding and development time, this means of orbit 
determination is not recommended. However, if/wben either of these progr ams do provide the 
capability to con'inuously determine location, they shook! be considered in lieu of multiple 
ranging stations. 

10.4.2.2 Future Control System Imprr ements 
10.4.2.2.1 Gyroscope Improvements 

The use of advanced development IRUs for GOES-N is considered too risky at this rime. 

However, if ai j of the advanced IRUs do become proven through test and/or flight they should 
be reexamined for use on GOES. As discussed in Appendix A3.1, there may be ar improvement 
in power, weight, life and/or increased accuracy. 

Two different gyro technologies warrant monitoring during the GOES-N study phase, because 
they have manured to the level where flight qualified units may be available at the turn of the 
century. These are the Fiberoptic Rotation Sensors (FORS) under development at the JPL, and 
the Hemispheric Resonator Gyroscope (HRG) being developed by Delco. Both units are in 
various test phases at the Charles Stark Draper Laboratories. Currently, the FORS is being 
developed as an advanced technology replacement of the DRIRU II, requiring less power with a 
longer life expectation due tc no moving parts and comparable noise and drift characteristics. In 
addition, increasing the coil length and/or its diameter provides a straightforward means of 
improving the FORS performance beyond that of the DRIRU II. 

The HRG, being developed by Dclco exhibits high stability (i.t., low drift) is-a-vis the 
DRIRU II, requiring updates in the tens of minutes instead of fractions of a minute. As a result, a 
GOES control system with this gyro package would utilize star measurements made by the 
instruments approximately ever}’ 15 minutes update the gyroscopes. 



The potential advantages of these extremely stable gyros arc the cliir 'nation of the star trackers 
and referencing of the control system to the instrument focal plane instead of the spacecraft. The 
latter advantage results in improved 1NR performance and the potential for cliiP : *-.»ng the 
proposed IMC function- 

10.4.2.2.2 Star Catalog Improvements 

The current subset of the star catalog proposed for GOES-N has an average star location 
uncertainty of 4fir, a major source of the controller error (Appendix Q. It is anticipated that, by 
the year 2000, the COES star catalog subset will be significantly improved as a result of efforts 
such as programs associated with the HST. 

Contact should be maintained with the t .ganizalions responsible for updating the star catalog to 
ensure that the GOES star catalog contains the most recent star locations. 

10.4.2.3 Instrument Design Improvement Studies 

A study of the current GOES-I instrument design was performed to identify areas where changes 
could be implemented to enhance pointing performance and improve controller robustness. Both 
the instrument structure and servo controller were examined. As discussed in Section 10.4.2, the 
instrument design improvement study was coos*rained to modifications of the GOES-I instrument 
servo (1 rrirro -, 2 axes gimbal system); however, most of the results equai'y apply to a 2 mirror 
system. In addition, diurnal thermal deformation performance improvements due to the improved 
materials design were not studied. Sections 10.4.2.3.1 and 10.4.2.3.2 summarize the results from 
the specific changes that were considered. 

10.4.2.3.1 Instrument Structure Design Considerations 

The pointing performance of the existing GOES-I servo controller is limited by the structural 
bending inodes (or frequencies) of the instrument. An examination of a frequency response of the 
GOES-I east-west controller axis illustrates the typical problem that arises in designing the servo 
controller. (Figure 10.4.2-1) As shown, the instrument structure provides a ‘triple punch* of 
highly observable low, medium, and high frequency modes. The low frequency modes (50-90Hz) 
impact system performance, and the mid-range (250 -600 Hz) and high frequency (1000- 2000 Hz) 
modes impact system stability margins. Painstaking design practices were brought to bear to 
achieve the 45 Hz controller design for the GOES-I cast-west servo and ensure that stability 
margins were met. To improve system performance for GOES-N, various structural modification 
studies were performed to reduce the control-structure interaction in the above three frequency’ 
ranges. 



COES SCANNER STRUCTURE FREQUENCY RESPONSE 

BASELINE NASTRAN NOOEL - AEOUCEO HOOE SET SELECTED FOR CONTROLLER ANALTSIS 



FREQUENCY (HZ) 

nOl'KIi 10.4.2-1 noBollno structure frequency renponsei sorted mode set (17 modes) 


Sections 10.4.2.3.1.1 through 10.4.2.3.1.3 document structural modifications that were considered 
in an attempt to produce favorable changes io the instrument's frequency response. With the 
improved frequency response, it was anticipated that the controller design effort might be made 
Cosier, and the GOES-N requirements might be met. For modifications which did produce an 
improvement in the frequency response, the servo controller was redesigned to determine if a 
performance improvement could be obtained. The controller redesigns are further discussed in 
Section 10.4.2 3.2.1. 

10.4.23.1.1 Go-located Motor/Encoder 

One of the factors which limits the performance of the GOES-1 servo controller is the presence of 
high frequency flexibility in the structure. Usually, high frequency resonances are attenuated 
naturally by the inertia of the structure. However, in the imager mid sounder, the primary torsion 
mode of the east-west shaft is of sufficient magnitude to impact the stability of the servo 
controller. The result is an undesirable limit on the bandwidth and, hence, performance, that can 
be achieved. 

In an attempt to remove the effects of shaft flexibuuy from the s. -« *m, a proposal to move the 
inductcsyn sensor to the same side of the shaft as the motor was . ■ usidcicd. A subsequent 
analysis (Appendix 8.1) produced the unexpected result that the stability problem was aggravated 
in the new configuration. A doser examination of the analysis results determined that the 
relocation of the inductcsyn caused the torsion mode to become more observable to the servo 
controller. This approach was therefore abandoned. 

10.4.2.3.1.2 Two Point Minor Mount 

Another proposed method for minimizing the effect of shaft flexibility was to change the minor 
mount from a one point mount at the center of the shaft to a two point mount at each end of the 
shaft On- end of the minor was attached rigidly to the shaft while the other end was attached by 
a collar type joint to allow thermal expansion of the mirror. Because the mirror could not be 
attached rigidly at each end of the shaft the frequency response of this new configuration still 
showed significant high frequency flexibility. Although some improvement in mid-frequency 
shaft bending modes was noted, a controller redesign for the new structure failed to produce any 
gain in bandwidth, system robustness, or step and settle performance. 

10.4.23.1 3 Improved Materials - Beryllium and Graphite Fiber Reinforced Plastic (GFRP) 
designs 

In addition to high frequency flexibility, the design of the instrument servo is also hampered by 
the presence of structural modes at low frequencies which arc dose to the required controller 
bandwidth. As a result, suffer materials were considered in an attempt to raise the lowest 
frequencies of the structure and increase their separation from the controller bandwidth. 

The first material change that was considered was to use the current instrument design with the 
aluminum paits replaced by beryllium. A subsequent analysis showed that the frequencies only 
showed slight increases which were not sulhcicnt to help the servo design effort. A more 
extensive structural modification was therefore required. As a result, a new instrument 



configuration was con'uicrcd which utilized the current two axis scan assembly, but the support 
structure was changed to a stiffer cylindrical arrangement. GFRP material was used to construct 
the new support structure. An analysis of the GFRP configuration showed that the changes did 
produce an appreciable improvement in the fundamental frequency (from about 50 to 90Hz). A 
controller redesign was therefore performed for the new structure to assess the performance 
improvement that could be obtained (Appendix B.l). The subsequent controller design resulted 
in a bandwidth that is less than the GOES-I controller due to the self imposed tighter stability 
requirements. However, after adding a prefilter to the compensation design, it was found the 
design met the GOES-N requirements with margin. (Section 10.4.2.2-2-1)- 

The GFRP design concept was also motivated in part by a desire to minimize thermal effects on 
instrument pointing. GFRP has a coefficient of thermal expansion that is an order of magnitude 
less than that for beryllium or aluminum. An instrument redesign employing GFRP material can 
therefore be expected to exhibit less thermal snapping and cyclic dt tarnation than the GOES-I 
design. 

10.4.23.2 Instrument Servo Design 

This section documents the efforts which were made to identify improved control strategies for 
use in the GOES-N system. These efforts, which are summarized in Sections 10.4.23.2.1 
through 10.43333, demonstrate the difficulty in designing a robust controller to a mote stringent 
set of specifications than was required of the GOES-I instruments. More details of these efforts 
are contained in Appendix B.3 Sections 10.4333.4 and 10.43333 cover other design issues 
which must be addressed to improve performance, and Section 10.4.233^ summarizes the servo 
design conclusions. 

Because the requirements for the i . under east-west servo are more stringent than those of the 
imager east-west servo and the imager and sounder north-south servo, and because the 
mechanical designs of the imager and sounder are identical, only the controller design for 'be 
sounder east-west servo was undertaken. The east-west motion of the sounder minor is required 
to settle to wi - 1.9% (53pr optical) of a 280pr step input in 28ms. The required gain maigin 
on all phase-si lized modes is at least 8dB. with at least 30 degrees phase margin; and all gain- 
stabilized flexit.^-body modes must have a gain margin of at least 15dB. To ensure oerformarce 
robustness, these n-gins must hold despite uncertainty in modal frequencies of 20% and 
minimum damping of 0.1% for each mode. 

10.4.233.1 Classical Control Redesign 

The purpose of the study repotted in Appendix B.2 was to determine if the GOES-I instrument 
could be made to meet the GOES-N requirements by improving the structure and then 
redesigning the controller using the same analog filtering approach as was used in the GOES-I 
controller design. In this approach, a proportional-plus-integral-pius-derivativc (PID) controller 
wrs used in conjunction with an inverse Chebyshcv filter and lead compensation network. Of the 
structural modifications considered, on.y the two point mirror mount and GFRP concepts showed 
enough improvement in the structure to merit a controller redesign. The controller redesign, with 
the GFRP structure exhibits a 30Hz controller bandwidth. The bandwidth of this redesign is 
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somewhat less that than that achieved on GOES-I. but the redesign is significantly more rooust 
(less sensitive to parameter variations). Without a prefilter, neither the two point mirror mount 
nor the GFRP design could satisfy the GOES-N sounder step and settle requirement. In an 
attempt to improve the performance of the designs, a feed-forward compensation Oiler was 
included in the revised designs to adjust the transient response of the dosed-loop systems. 

10.4.2.3.22 Feed-forward Compensation Filter 

A feed-forward compensation approach (Appendix B.1) was undertaken to determine whether the 
sounder east-west step and settle performance could be improved to meet GOES-N requirements. 
The purpose of feed-forward compensation is to improve the dosed-loop system's slow response 
(in situations where low bandwidth is required for stability) to achieve faster rcspnose to a 
command signal. Figure 10.42-2 illustrates the feed-forward control concept. Three different 
compensations were attempted as documented in Appendix B.l. 

With an ap propria te feed-forward compensation filter induded, both the two point mirror mount 
and GFRP designs met the step and settle requirement using a linear simulation. However, the 
filter required by the two point mirror mount design was of high orc' r and indicated that the 
design would probably be sensitive to variations in the frequencies of the flexible modes. By 
contrast, the GFRP concept required a simple feed-forward filter that only models rigid body 
characteristics of the (riant. 

For *is reason, a GFRP design is considered to be the most feasible candidate for achieving the 
GOES-N requirements in an actual implemenuuMm using the dassical control redesign and the 
feed-forward compensation field. 

10.4.2.3.23 Obsctver Based Control 

A mode'” control approach to the servo design is discussed in Appendix B.2 In this approach, 
observer-state feedback is used to <"ibtlize certain flexible-body modes and to achieve the 
required settling tuns and accuracy. Funding for this effort was extremely limited, and 
consequent];*, the --suits to date are somewhat inco. elusive. In addition, this design concept has 
not yet been spaccdigiu proven on very high bandwidth instruments. 

The resulting sixth order controller possesses a dosed-loop bandwidth of 24Hz; lower than the 
GOES-I design but ith a higher system damping (0.9 overall damping ratio). Simulations 
indicate that the dosed-loop system is robustly stable with respect to a ± 20% variation in the 
modal £i aencies analyzed; however, when some additional high frequency modes with large 
rodal gains were rdded to the instrument structural model, they were destabilized by the observer 
feedback. Near the end of the study, it was noted that the Loop Transfer Recovery (LTR) method 
co *ld dramatically improve stability robustness to unmodelcd structural modes while maintaining 
system performance. This technique should be looked at in more depth in future instruments 
studies. 
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10.4.2.3.2.4 Optical Encoder vs. Induct osyn 


In an effort to reduce measurement error in the servo, optical encoders were considered as an 
alternative to the induct osyns for sensing shaft angle. An crroi performance comparison of the 
two devices showed that the optical encoder offers an order of magnitude reduction in random 
linearity errors and a 25% decrease in bias linearity errors, largely because of me simpler 
electronics required to implement the device. Moreover, the optical encoder system will be less 
expensive to build, test, and calibrate due to the decreased elcctrooics sensitivity. One drawback 
of the optical encoder approach is that it requires some redesign of the instrument structure -if the 
current GOES-1 design is retained. 

However, the optical encoder becomes the sensor of choice for the redesigned instruments of 
Option II and 111 due to its improved accuracy, reduced electronics sensitivity (especially to 
noise), and reduced cost. 

10.4.2.3.2.5 Digital Image and Spacecraft Motion Compensation (IMG/SMC) Interface 

The end-t -end line of sight pointing error for GOES-I is corrected using IMC and MMG IMC 
compensates for low frequency uncontrolled motion from nadir including orbit inclination line- 
of-sight motion and spacecraft/instnunent thermal distortion effects. MMC corrects for 
uncontrolled disturbances in the spacecraft pointing due to the mirror motions of the instruments, 
especially the black body calibration slews which are performed to calibrate the infrared channels 
of the instruments. Note that for GOES-N, the MMC is replaced by the real-time SMC For 
GOES-I, the IMC and MMC are computed in real time in the AOCE computer on the spacecraft 
using information uploaded from the ground system mid sent to the instruments as an analog 
signal. The errors introduced by this approach are within GOES-I allocate but arc too large if 
GOES-N is to meet its pointing requirements. 

In the GOES-I design, the AOCE computer generates an IMC/MMC signal every 128ms. The 
digital compensation signal is converted to an analog voltage and sent to the instrument as a 
signal with a maximum level of plus or minus lOv. In the instrument, this is received in a 
differential amplifier, switched through the proper gain setup resistors, and convened into a digital 
portion which gees to the induct osyn drivers and to a ±8 pi analog portion which is summed into 
the servo error. This process introduces errors in the IMC response of the instrument which are 
estimated to be about 5pr in the GOFS-I system. This process is quite con. '*x and sensitive 
from an electronics standpoint. Going to an all digital interface can signifies iy reduce these 
errors. 

The recommended approach for GOES-N, which provides the best total performance, is to move 
the IMC computations to a computer in the imager or sounder. The OATS ground computer 
would then interface direct 1 ', with the instrument computers providing IMC thermal distortion 
prediction data to the compu'cr once a day. The ACC would provide orbital location and MMC 
(for Option 1) or real-time SMC (for Options 11/111) inhumation through r. simple serial interface. 
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This design would significantly simplify the interface between the instruments and the control 
system and eliminate the interface errors of the GOES -I system. This is the preferred approach 
for the new imager and high spectral resolution sounder. If the imager on the Option 1 or II 
system goes to an optical encoder then this approach is also preferred for these instruments. 

10.4.2.3.2.6 East-West Flex Pivot Design Study 

The primary goal of this study was to determine the feasibility of using flex pivots and magnetic 
actuation as an alternative to the existing east-west servo; particularly for the imager. Flex pivots 
offer several advantages over the east-west bearing system on-board GOES-1. They provide 
very linear, smooth and repeatable torque characteristics. As a result, they eliminate bearing 
torque noise, eliminate nonlinear friction effects, and provide improved scan accuracy and reduced 
scan jitter. They also provide an enhancement in reliability and system life due to the elimination 
of the limited rotation east-west bearings. 

Flex pivots, developed by Lucas Aerospace (formerly available from Bendix), have clearly 
illustrated their ability to meet the ruggedness and life requirement of the GOES scanner. Figure 
10.4.2-3 depicts a typical flex pivot and its characteristics. The demonstrated life and on-orbit 
operation of the flex pivots on the LANDSAT TM and the ASTRO- 1 UIT IMC (flown on the 
Space Shuttle Columbia) provide a clear indication that GOES mission requirements can be easily 
met. 

A conceptual design of the flex pivot drive assembly was developed and is described in Appendix 
B.8 The proposed implementation assumes closed loop position servo control using feedback 
from a high density optical encoder. The drive motor is a limited angle dc torque motor with a 
rare earth permanent magnet rotor. 

The flex pivot suspended east-west scan system design locks feasible and very attractive. The 
primary outstanding issue is whether adequate centering of a high accuracy encoder along the 
pivot rotational axis is feasible. This can easily be resolved through simple experimental 
verification. Inexpensive, low level research to resolve this issue is highly recommended. 

10.4.3 Option II Performance and Results Summary 

10.4.3.1 Option II Performance Budget 

The pointing performance assessment results for the s 'ected Option II system are given in Tables 
10.4.3.1-1 through lCi/i 3.1-4. In each of the tables, the error is grouped into six ni.';or 
categories which combine to form the to'il error: 

Attitude control (lin . 8), 

2. Dynamic interaction - rigid body (line 22), 

3. Dynamic interaction - non rigid “xxly (line 28), 

4. Image Motion Compensation (IMC, line .3), 

5. Spacecraft Mot.an Compensat or! (SMC, line 44), and 

6. In ,«rumcnt pointing (line 48). 



Figure 10.4.2-3 



FLEX PIVOT DRIVE ASSEMBLY 



The error totals given in the tables for items (1) through (6) arc computed by RSSing the errors 
which comprise each category. The only exception is the orbit/attitude model and non-rcpcatablc 
error (line 38), which is calculated as lOpr + 10% of the RSS total of its components on lines 39 
and 42, because of projected use of SSAA as in GOES-I (Section 103.2). 

Figure 10.4.3.1-1 is a bar chart which provides a summary of the INR performance of the Option 
II system. The error totals for each of six categories are shown so that the relative contribution of 
each can he exanuned. A quick comparison of the Option II totals with Option I show that 
pointing performance has been greatly improved, with total error decreasing by approximately a 
factor of two. Option II achieves the improved performance primarily through the use of a 
gyro/star tracker system which offers better attitude stability and by using GFRP material which 
reduces thermal deformation effects and, hence, IMC requirements for the sounder. A full 
description of the allocation budget entries is given in Appendix C 

10.43.1.1 Navigation 

Figure 10.43.1-1 shows that the predicted navigation error performance of the Option II system 
is 34.0pr (including a 50% margin), which slightly exceeds the 33 .Opr requirement IMC is the 
largest error source, with attitude control and instrument pointing also providing contributions 
that are nearly as large. Even with the margin included, the Option II system only slightly 
exceeds the requirement, so the actual implementation may achieve the desired performance. 

10.43.13 Within-Frame Registration 

Figure 10.4.3.1-1 shows that the predicted wi thin-frame error performance of the Option II 
system is 373pr (including a 50% margin) which exceeds the 14.0pr requirement. The total error 
has increased from navigation levels, largely because both the instrument pointing and IMC errors 
increased by the square root of two due to their random nature. The increase is partly offset by a 
decrease in attitude control error, which is primarily due to the fact that bias error from attitude 
estimation does not affea within-frame registration as it does navigation. The large disparity 
between the predicted p formance and the requirement indicates that it will be very difficult to 
design a system which achieves the performance goal. 

10.4.3.1.3 Frame-frame Registration 

Figure 10.4.3.1-1 shows that the predicted frame to frame registration performance of the Option 
II system is 32.7pr (including a 50% margin) which exceeds the 14. Opr requirement. The error 
distribution is similar to the within-frame registration case with the exception of instrument 
pointing error whicii is greatly reduced due to the absence of servo bias error. It is evident that 
the predicted performance still falls far short of the goal and, like within-frame registration, will 
be difficult to achieve. 

1') 4.3.2 Assessment of Results 
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TABLE 10.4.3.1-1 

TOP LEVEL ALLOCATION: OPTION II 


NAVIGATION 


GOES OPTION II 


WITHIN.FRAME 

REGISTRATION 


90 MINUTE 
REGISTRATION 


COMBINED ERROR 
WITH 5C% MARGIN 


COMBINED ERROR 


ATTITUDE CONTROL 


(MO 

34.0 


(mO 

37.3 


22.6 

12.2 


24.8 

5.5 


DYNAMIC INTERFACE 
RIGID BODY 


DYNAMIC INTERFACE 
NONRIGID BODY 


IMC DIURNAL 
COMPENSATION 


6.3 


4.1 


12.9 


8.9 


5.3 


13.9 


(mO 

32.7 


21.8 

7.5 

8.9 


5.8 


15.2 


SMC NEAR REALTIME 4.5 

COMPENSATION 


INSTRUMENT POINTING 11.0 


6.3 


15.5 


6.3 


5.8 


% ATTITUDE CONTROL 


% DYNAMIC INTERFACE 
RIGID BODY 


% DYNAMIC INTERFACE 
NONRIGID BODY 


% IMC DIURNAL 
COMPENSATION 


% SMC NEAR REALTIME 
COMPENSATION 


% INSTRUMENT 
PO INTING 

| NOAA REQUIREMENT 


30.0 

8.0 


3.4 


33.2 


4.0 


24.2 


33.0 


13.3 

34.3 


14.6 


83.2 


17.1 


103.8 


14.0 


28.0 

39.3 


16.7 


113.8 


19.6 


16.3 


14.0 
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TABU: 10.4.3.1-2 


ALL OCA 1 1 ON • SPACECRAFT OPTION 2 NAVIGATION. 09-0ct-90 


1 REV I SCO GOGS N 8U0GET; IRU/STAR TRACKER 

2 FILE NAME: IRU_NAV2.U01 NOAA REQ'T: 33 uR 

3 4TH LE.EL 3R0 LEVEL 2N0 LEVEL 1ST LEVEL 


1 lit 1 

5 TOTAL - 1ST LEVEL U/ SOX MARGIN 

i 

1 

1 

1 

34.0 | 

6 TOTAL - 1ST LEVEL 

I 

1 

1 

1 

22.6 | 

7 

SAT. ATTITUOE STABILITY 

I 

1 

1 

1 

14.4 j 

8 

ATTITUDE CONTROL 

i 

1 

1 

12.2 | 


9 

STAR CATALOG LOCATION ERROR 

l 

1 

4.0 | 

i 


10 

ATTITUDE ESTIMATION 

l 

1 

11.1 | 

i 


11 

GIRO NOISE (#) 

l 

0.7 | 

l 

i 


12 

GYRO ORIFT 

l 

0.0 j 

l 

i 


13 

STAR MSMHT. ERROR 

l 

0.0 | 

l 

i 

1 

14 

EPHEMERIS UNCERTAINTY 

! 

9.9 | 

l 

i 

i 

15 

FESIOUAL MISALIGNMENT 

1 

4.9 | 

l 

i 


16 

CONTROL LAW 

1 

i 

1.7 | 

i 


17 

QUANTIZATION 

1 

1.4 | 

i 

i 


18 

COMPUTATIONAL DELAY 

1 

1.0 | 

i 

i 


19 

REACTION UHL./TACH. PERFORMANCE 

1 

i 

2.8 | 

i 


20 

TACH, QUANTIZATION 

1 

2.0 | 

i 

! 


21 

TACH. NOISE 

l 

2.0 J 

i 

1 


22 

OYNAMIC INTERACTION - RIGIO 800Y 

1 

i 

i 

6*3 | 


23 

lb VSNOR UNCOMP. MIRROR MOTION*!. 41 

1 

i 

6.3 | 

i 


24 

RESIOUAL MIRROR MOTION 

1 

4.2 | 

i 

i 


25 

RESIDUAL MODELING ERROR 

1 

0.0 | 

1 

i 


26 

RU IM8ALANCE/FRICTI0N 

1 

i 

2.0 j 

i 


27 

SOLAR ARRAY STEPPING 

1 

i 

0.0 j 

i 


28 

OYNAMIC INTERACTION * NON RIGIO 800Y 

1 

i 

i 

4.1 | 


29 

MIRROR MOTION 

1 

i 

1.0 1 

i 


30 

THERMAL SNAPPING 

1 

i 

4.0 | 

i 


31 

OTHER 

1 

i 

0.0 | 

i 


32 

MOTION COMPENSATION - INSTR. POINTING 

i 

i 

i 

i 

17.5 | 

33 

INC (24 HOUR PERIODIC CORRECTIONS) 

i 

i 

1 

12.9 | 


34 

S/C INTERFACE 

i 

i 

2.0 | 

1 


35 

TIMING MISMATCH 

i 

i 

1 

1 


36 

NUMERICAL APPROXIMATION 

i 

i 

1 

1 


3 7 

PERFECT 0/A DETERMIM 

i 

i 

2.0 | 

1 


38 

0/A K006L & NONKPTL. ERR (U/SSAA) 

i 

i 

12.5 | 

1 


39 

ORBIT/ATT I TUPE NOOEL 

i 

25.0 | 

1 

1 


4C 

THERMAL (INST?. & OPT. BENCH) 

i 

25.0 | 

1 

1 

i 

41 

HOOEL PARAMETERS 

i 

0.0 J 

1 

1 


42 

N0NRPT8L.ERR 

i 

5.0 j 

1 

1 

i 

• 

43 

HEATER OPS. 

i 

5.0 j 

1 

1 


44 

SMC * NEAR REAL TIME COMPENSATION 

i 

1 

i 

4.5 ! 


45 

HI FREQ GYRO NOISE 

i 

1 

1.4 | 

1 


46 

SAMPLING 

i 

1 

i.4 ; 

1 


47 

PARAMETER MISMATCH 

i 

1 

4.0 j 

1 


48 

INSTRUMENT POINTING 

i 

1 

1 

11.0 | 


49 

IHC 4 SMC SERVO ERROR * 1.41 

i 

1 

2.8 | 

1 


50 

PROCESSING ERROR 

i 

1 

2.0 | 

1 


51 

INTER. TORQ 

i 

i 

1 

2.0 | 

1 


52 

C<T. ORIFT 

i 

1 

0.4 | 

1 


53 

QUAD. ERRORS 

i 

1 

0.0 I 

1 


54 

LINEARITY 

i 

1 

0.8 | 

1 


55 

LINEARITY BIAS 

i 

1 

8.8 | 

1 


56 

WOISE/Jl TTER 

i 

1 

2.0 | 

i 


57 

STEP/SETTLE 

i 

1 

1.0 i 

1 


58 

06 T. ROTATION 

i 

1 

4.2 ( 



59 

VIOEO OELAY 

i 

1 

2.0 | 

1 


60 

(tf) INCLUDES EFFECT*" OF GYRO DRIFT 4 STAR 

hsw r. 

ERROR AFTER 

KAtMAN FILTERING \ 

i 
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TABU: 10.4 3.1-3 

UIIMlN-fRAItC. 09-0ct -90 


t REVISED GOES N BUOGCT: IftU/STAR TRACKER | 

2 FILE NAME: IRUJNF2.UQ1 NCAA REQ'T ; 14 uft 1 

3 4TH LEVEL 3R0 LEVEL 2N0 LEVEL 1ST LEVEL * 


4 

1 




I 

5 TOTAL - 1ST LEVEL U/ SOX MARGIN | 

1 

1 

1 

37.3 | 

6 TOTAL - 1ST LEVEL | 

1 

1 

1 

24.8 | 

7 

SAT. ATTITUOE STABILIT' 

l 

1 

1 

12.0 | 

a 

ATT1TU0E CONTROL 

\ 

1 

5.5 \ 

1 

9 

STAR CATALOG LOCATION ERROR 

* 

i 

2.0 | 

i 

1 

10 

ATTtTUOE ESTIMATION 

1 

2.2 | 

i 

1 

11 

GYRO NOISE • 1.41 <#) 

1.0 | 

i 

i 

1 

12 

GYRO ORIFT 

0.0 I 

i 

i 

1 

13 

STAR MSMNT. ERROR 

0.0 I 

i 

i 

1 

14 

EPHQCRtS UNCERTAINTY 

2.0 | 

i 

i 

1 

15 

RESIOUAL MISALIGNMENT 

0 1 

t 

i 

1 

16 

CONTROL LAU • 1.41 

i 

2.4 | 

i 

! 

17 

QUANTIZATION 

1.4 | 

i 

i 

! 

IS 

COMPUTATIONAL DELAY 

1.0 | 

i 

! 

1 

19 

REACTION WHL./TACH. PERFORMANCE*! .41 

i 

4.0 ! 

1 

I 

20 

TACK. QUANTIZATION 

2.0 | 

1 

1 

1 

21 

TACH. NOISE 

2.0 j 

1 

i 

1 

22 

OTNAMIC INTERACTION - RIGID BOOT • 1*41 

i 

l 

8.9 | 

1 

23 

IMGR/SNOR UNCOMP. MIRROR MOTION*1.41 

i 

6.0 | 

i 

1 

24 

RESIDUAL MIRROR MOTION 

4.2 | 

i 

i 

1 

-5 

RESIOUAL MOOELIUG ERROR 
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10.5 Option HI Control and Pointing Subsystems 

10.5.1 Option III Overview 

10.5.1. 1 Option 111 Description 

The Option III control system is identical to the Option 11 control system (Figures 10.4.1-1, 
10.4.1-2, and 10.4.1-3). The improvement in performance is primarily due to the redesign of the 
instrument with better thermal properties. Ancillary improvements are realized in the instrument 
pointing as a result of an improved imager structure with a higher first modal frequency and a 
larger optical encoder which improves servo performance. 

1053.1 Option III Performance Budget 

Tables 105.3.1-1 tb'O'jgh 105.3.1-4 give the predicted INK performance of the Option III 
design. The tables are organized into the same six categories as those presented for the Option II 
case. 

Figure 1053.1-1 is a bar chart summarizing the information contained in the tables, and shows 
the relative contribution of each category to the total error. Overall performance is only slightly 
improved over Option II Levels 

105.3.1.1 Navigation 

Figure 105.3.1-1 indicates that the predicted navigation error performance of the Option III 
system is 32.6pr (including a 50% margin), and the system therefore meets the 33pr requirement 
The performance is slightly better than that in the Option II case because of improved thermal 
properties of the imager which is constructed of GFRP in Option III. The error distribution is 
otherwise similar to that for Option II. 

105.3.1.2 Within-Frame Registration 

Figure 105.3.1-1 indicates that the predicted within -frame registration performance of the Option 
III system is 33.3 fir (including a 50% margin) which exceeds the 14.0pr requirement. 

As in Option II, the large disparity between the predicted performance and the requirement 
indicates that achieving the goal will be difficult using current techniques. 

10.5.3.1.3 Frame-frame Registration 

Figure 10.5.3. 1 — 1 indicates that the predicted frame-to-framc registration performance of the 
Option HI system is 28.7pr (including a 50% margin) which exceeds the 14. Opr requirement. 

The error distribution is s:milar to that for the within frame case, except for instrument pointing 
which is decreased due to itu negligible servo bias error 
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1 

I 


2S 

RESIDUAL MODELING ERROR 

3.0 I 

1 

1 


26 

RU IMBALANCE/ FRICTION 


2.0 | 

1 


27 

SOLAR ARRAY STEPPING 

1 

0.0 j 

1 


28 

DYNAMIC INTERACT ION -NON RIGID BODY*! .41 

| 

1 

S.8 | 


29 

MIRROR MOTIGM 

I 

1.0 1 

1 


50 

THERMAL SNAPPING 

1 

6.0 i 

1 


51 

OTNER 

9 

4 

0.0 | 

1 


32 

MOTION COMENSATION - JNSTR. POINTING 

1 

1 

1 

14.0 | 

33 

INC (24 HOUR PERIODIC CORRECTIONS) 

1 

1 

11.6 • 


54 

S/C INTERFACE 

1 

2.0 | 

1 


35 

TIMING MtSMATCR 

1 

1 

1 


36 

NUMERICAL APPROXIMATION 

1 

1 

1 


37 

PERFECT 0/A CETERNIN (1NR StMULATR) 

1 

2.0 | 

1 


38 

0/A MQOEL 4 NONRPTL. ERR (U/SSAA) 

l 

11.0 | 

1 


39 

ORBIT/ATTITUDE MODEL 

10.0 1 

1 

1 


40 

THERMAL (INSTR. 4 S/C) 

io.o i 

1 

1 


41 

MODEL PARAMETERS 

o.o i 

1 

1 


42 

N0NRPT8L.ERR 

2.0 | 

1 

1 


43 

HEATER OPS. 

2.0 | 

1 

1 


44 

SMC -NEAR REAL TIME COMPEHSAUOU * 1.41 

1 

1 

6.3 | 


45 

HI FREQ GYRO NOISE 

1 

1.6 | 

1 


46 

SAMPLING 

1 

1.6 | 

1 


47 

PARAMETER MISMATCH 

l 

6.0 | 

1 


48 

INSTRLMCMT POINTING 

1 

1 

5.1 | 


49 

IMC * SMC SER*0 ERROR * 1.41 

1 

2.8 | 

1 


50 

PROCESSING ERROR 

1 

2.0 | 

1 


51 

INTER. TORO 

1 

2.0 | 

1 


5c 

arr.0*rfT • 1.41 

1 

0.6 | 

1 


55 

QUAD. ERRORS 

1 

0.0 | 

1 


54 

LI HEAR I IT • 1.41 

1 

O.S | 

1 


55 

LINEARITY BIAS 

1 

0.0 | 

1 


56 

moise/ji tier • 1.41 

1 

1.4 | 

1 


57 

STtP/SEnTLE 

1 

0.0 [ 

1 


55 

OE T .801 AT ICH 

1 

0.0 1 

1 


59 

VIOCQ DfLAT • 1 .41 

1 

2.8 | 

I 


60 

(#) iMcmoes effects of gtro orift t star nsmnt. error after 

KALMAN FILTERING | 
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10.6 Recommended Additional Studies/Investigations 


Table 10.6-1 summarizes the INR related studics/invcstigations that arc recommended to be 
completed before the start of the Phasc-B effort. A brief description of the purpose and expected 
r csults from each is provided below. The recommended INR studies arc grouped under the 
following headings: 

• Dynamic interaction 

• Attitude control - ephemeris uncertainty 

• Attitude control 

• Semiannual 180 degrees spacecraft yaw flip 

• Servo 2 mirror GFRP structure 

• Optical bench 

• Wheel mounts 

10.6.1 Dynamic Interaction Study 

The purpose of the dynamic interaction study is to determine the impacts to the spacecraft 
controller resulting from a S&R interferometer, a mechanical refrigerator, and solar pointing 
instrument motion. A primary effort in this study is the development of a spacecraft structural 
model, which can then be tailored to determine the dynamic interaction effects of a S&R, 
refrigerator, and solar pointing instrument motion. 


table 10.6.1-1 

RECOMMENDATIONS FOR FOLLOW-ON STUDIES 

• DYNAMIC INTERACTION 

• CONTROLLER IMPACTS RESULTING FROM: 

• S&R INTERFEROMETERS 

• MECHANICAL REFRIGERATORS 

• SOLAR POINTING INSTRUMENT MOTION 

• ATTITUDE CONTROL (EPHEMERIS UNCERTAINTY) 

• IN-DEPTH ORBIT DETERMINATION PERFORMANCE ESTIMATION 

• THRUSTER PLACEMENT TO MINIMIZE CONTAMINATION OF 

INSTRUMENTS/COOLERS 

• CONTINUOUS STATIONKEEPING 

• RESAMPLING (IF REQUIRED) 

• ATTITUDE CONTROL 


STATIONKEEPING A: HOUSEKEEPING MANEUVER & RECOVERY 
SIMULATION'S 
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• ACS INTERFEROMETRY MAGNETIC CONTROL IMPACTS ON 
SPACECRAFT 

• CONTROL SYSTEM/INSTRUMENTS INTERFACE DEFINITION 

• ACE COMPUTER/SYSTEM BUS DESCRIPTION 

• SEMIANNUAL 180 DEGREES SPACECRAFT YAW AXIS FLIP 

• STAR TRACKER STAR AVAILABILITY 

• INSTRUMENT IMPACTS 

• SERVO: 2 MIRROR GFRP STRUCTURE 

• STRUCTURAL MODEL 

• SERVO PERFORMANCE 

• THERMAL PERFORMANCE 

• OPTICAL BENCH 

• STRUCTURAL MODEL 

• THERMAL PERFORMANCE 

• WHEEL MOUNTS 

• SOFT MOUNT VS MAGNETIC BEARINGS 


The primary concerns with the S&R interferometer are the potential for thermal snapping and 
potentially undesirable modal frequencies. For the mechanical refrigerator, the normal pumping 
motions would be investigated to determine the impact on INR performance. Similarly, the 
motion from solar pointing instruments needs to be evaluated to determine the effects on 
spacecraft pointing. 

10.6.2 Attitude Control - Ephemeris Uncertainty 

The effects of orbit determina' jn uncertainty needs to be further analyzed to determine 
performance degradations resulting fro re ranging at candidate sites selected by NOAA. This 
analysis would be done parametrically t j assess the uncertainty based on the use of different sites, 
and different ranging accuracies assorted with different implementations. 

The placement of thrusters to eliminatc/minimizc contamination of both instruments and coolers, 
while providing the capability to unload the daiiy wheel momentum buildup, needs to be carefully 
evaluated. As a part of this effort, the capability to use the daily wheel unloadings to also provide 
continuous stationkeeping would also be examined. If this is determined to be impractical, 
separate thruster firings for nearly continuous stationkeeping would be evaluated. 




If the use of thrusters for continuous stationkccping is not feasible, it will then be necessary to 
evaluate the use of resampling as a means of providing fixed grid images with a large focal plane. 
That is, either continuous stationkceping to keep the inclination within tight bounds to minimize 
IMC rate change or resampling is required to support the IMC correction needed for fixed grid 
images when a large instrument focal plane is used. 

However, it is strongly rccr - '•ended that resampling also be evaluated, because of its potential to 
correct or mitigate unexpected problems. An investigation of resampling would include an 
assessment of how to best combine the INR resampling requirements with current NWS 
resampling activities to provide different map projections for users. IMC rate changes or 
resampling is required to support the IMC corrections needed for fixed grid images when a large 
instrument focal plane is used. 

10.6.3 Attitude Control 

The needed attitude control studies are: 

• Simulations of housekeeping/stationkeeping maneuvers to ensure that recovery times are a 
fraction (Vi or less) of an hour 

• Further investigation of an ACS interferometer to determine if this is practical (e.g., 
geographical locations to mitigate weather effects, obtaining a frequency allocation) and a 
more cost effective approach than star detectois; if it is, then the study will provide an 
evaluation of an interferometer for providing the ephemeris. 

• Refinement of the impacts of magnetic control on spacecraft weight and power 

• Detailed definition of the control system and instrument interfaces 

• Description of the ACE computer and system bus 

10.6.4 Semiannual 180 degrees Yaw Axis Flip (Star availability) 

This procedure to provide the lowest passive refrigerator temperatures requires that an in depth 
analysis of star availability in both the Northern and Southern hemispheres be performed to ensure 
the required availability of stars. 

10.6.5 Servo Performance for a Two Minor, Graphite Fiber Reinforced Plastic (GFRP) 

Instrument 

An analysis of the servo performance that is obtainable for an instrument with two mirrors and 
designed with GFRP is needed. This analysis would first develop a structural model from which 
the overall servo performance could be determined. The thermal performance of the new structure 
also needs to be determined. 

10.6.6 Performance of an Optical Bench 

The determination of the performar of an optical bench requires that both a structural and 
thermal model be developed for the proposal types of mountings. 
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10.6.7 Evaluation of Wheel Mounts 


A tradeoff comparison study between wheel soft mounts and magnetic bearings is required. This 
study will result in the selection of the best reaction wheel mounting scheme for GOE3-N 
considering performance, risk, and cost. 

10.7 Recommended Research 

In order to achieve the within-framc and frame-frame registration requirements of 14pr, a 
significant change in the instrument design will be required to overcome current error sources. 
Referring to Tables 10.4.3.1-1 and 10.5.3.1-1 and Appendix C, the primary error in the within- 
frame registration is due to instrument pointing, and, for the frame-fram; registration, the error, is 
due to thermal variations. 

% 

One approach to reduce both these enors is to provide real time error position sensing through the 
instrument This technique is an adaption of the approach used on missions that require very 
accurate pointing/registration such as HST. The adaption is necessary to extend the technique 
from fixed pointing applications (e.g., staring at a star) to imaging the earth. Conceptually, this 
approach continuously determines the difference between an earth reference signal (e.g., a beacon) 
at a known location and the expected pointing position of the instrument with respect to that 
reference signal. By continuously monitoring the measured (observed) difference between the 
known signal and the current pointing position, a continuous pointing error can be developed that 
is referenced to the earth. This error generation is analogous to the generation of a servo error 
using an Inductosyn encoder or optical encoder, except that the feedback path and error signal are 
now referenced to the earth and include the pointing error. Like any closed loop servo, errors in 
pointing due to any cause (e.g., thermal effects, instrument pointing) wili be attenuated in near 
real time. 

For the near term, it is recommended that a research and development effort be initiated for an 
instrument with the capability to continuously sense the position of an earth beacon at a known 
location and de rmine the error in pointing, if any, with the desired pointing position. One 
approach based on current technology would use 1000 x 1000 or 2000 x 2000 visible detector 
arrays in the instrument to continuously monitor the location of a beacon. The array(s) in the 
near term would not be used for imaging. 

For the long term, the development of large visible detector arrays to both image and be the 
sensor portion of the pointing error detection should be undertaken. 
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11.0 


SYSTEM SURVEYS 


11 1 Space Environment Monitor 

11.1.1 Introduction 

11.1.1.1 Summary of Requirements 

The requirements for the GOES-N SEM contained in (be "Statement of Guidelines and 
Requirements: GOES-N Phase-A Study" are summarized in Table 11.1-1, reproduced from that 
document The first four instruments, i.e. the EPS, magnetometer. Full-disk XRS, and the SXI 
are identified as the "Basehne” payload for GOES I-M, and will be carried over into GOES-N, 
although with some enhancement of the range of particle energies covered by the EPS. It should 
also be noted that the SXI will not be flown until late in the GOES 1-M series. The .emaindcr of 
the requirements in Table 11.1-1, Le., the EUV Spectrometer, the SVM/HctI and the Radio 
Beacon TEC, were classified as potential improvements to the SEM, with final selection mid 
determination of funding to be deferred until after completion of the study. 

Following the format established in the "Guidelines" fc the imager and the sounder as to cote 
requirements, options, and enhancements, the Study Team identified the firs: four instruments 
as "core", and the remainder as "options’. Our classifications are then as presented in 
Table 11.1-2. 

11.1.1-2 Approach 

11.1.1.2.1 Requirements Met by GOES-1 

The requirements listed above for the magnetometer and the full disk XRS are unchanged from 
the specified performance for GOES-1. Since the existing instruments are expected to meet those 
requirements, no effort has been devoted to alternate instrumentation approaches. It has, of 
course, been necessary to consider system level impacts of these requirements, such as the level ot 
magnetic interference imposed by the spacecraft for the magnetometer, and provision of 
appropriate FOV and pointing for the XRS. 

1 1 .1 . 1.2.2 Enhanced Requirements for Earth Environment Observations 

The EPS, LPS and Radio Beacon jointly monitor several parameters of the particle environment 
as ordered by the earth magnetic field. The approach taken was to survey existing instruments to 
define candidates for these instruments. Impacts were then determined for incorporation into 
spacecraft Must of these instruments make modest demands of spacecraft resources and 

are largely available with proven designs. 



1 1.1. 1.2.3 Enhanced Requirements for Solar Obscrvaiioos 


Addition of the SX1. the EUV Spectrometer, the SVM. and the Hoi to GOliS-N would result in a 
dramatic increase in the solar observation capabilities of GOES-N relative to current spacecraft. 
Incorporation of separate sensors for the entire suite would result in a correspondingly large (and 
very likely impractical) impact to the spacecraft design and resources. Since it appeared unlikely 
that the entire complement could or would be implemented, and there was a need to define 
supporting spacecraft systems early, it was decided to size the spacecraft sour observation 
platform to accommodate the core XRS and SXI instruments and ooc other significant (i.c. 20 kg 
class) solar observing instrument. The SVM was arbitrarily selected for inclusion in the Cotton 
III spacecraft model because more definitive inform ; /w was available at the time than for the 
other solar observations and because it appeared feasible to incorporate an Hal mode in the rame 
instrument, thereby partially covering at least ooc additional requirement. Options for satisfying 
the requirements for EUV monitoring are discussed in Section 11.13.Z7. 

Meetings were held with several Principal Investigator groups to discuss instrumental techniques 
for satisfying the requirements for solar observations on GOES-N. From those meetings, 
spacecraft resource requirements *vere estimated for each flight instrument, and incorporated in the 
a pprop ri ate spacecraft models. 

11.13 Survey Results 

11.13.1 Payload Complements 

Table 11.1-3 shows the SEM payload carried on GOES 1-M. the baseline spacecraft system for 
the purpose of this study. Note that although the SXI is included, it will not be flown until late in 
the GOES I-M program. The payload included in die Option 1 model as shown in 
Table 11.1.3-2 is modified from the baseline by the inclusion of a modified EPS to provide the 
additional data channels identified by NOAA as core requirements for GOES-N. Although the 
LPS was identified by NOAA as an optional requirement, its demands on the O' erall spacecraft 
are so modest that it has also been included in the Option I model. 

Since no enhancements of the SEM payload were added in constructing the Option II spacecraft 
model. Table 11.13-2 reflects the SEM payload for Option II as well. It should be noted 
however that the spacecraft model for payload accommodations in Option II docs include 
provision for a solar pointing platform capable of accommodating the SVM. Audition of that 
instrument to Option II is therefore relatively straightforward, given adequate weight and power 
margins. 

Table II. 1.3-3 shows the configuration for the SEM molded in the option Ilf spacecraft. The 
SVM/HuI and the Radio Beacon have been added. With Option HI, all of the requirements of the 
"Guidelines" have been addressed to some extent with the exception of the Solar EUV Monitor. 
Possibilities for addressing this requirement are discussed in Section 11.1.3.2.7 and in 
Appendix C 
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11.1.3.2 Performance Issues 


111. 3. 2.1 Magnetometer 

Requirements for tbc magnetometer as listed in Table 11.1-1 arc unchanged from the specified 
capability of GOES 1-M. It is assumed that tbc instrument flown there will be acceptable for 
GOES-44 as wdl. However, the GOES 1-M flight magnetometers have had some difficulty with 
stability of sensitivity and zero offset, and have not been delivered to the spacecraft as of this 
writing. Of particular coocern hie been an observed s us ceptibility to zero shift after exposure to 
low and moderate perming fields. The solution at the current time is depenning of the sensors at 
die launch base. However, a more permanent solution of reducing or removing the susceptibility 
is recomnended for GOES-N. 

It is noted that the quality of the data returned by the magnetometer on past and current GOES 
spacecraft has been limited more by the magnetic cleanliness of the spacecraft than by the 
performance of the instrument. On the GOES I-M spacecraft, where the proposed six meter 
magnetctnetrT boom has been reduced to three meters, very careful calibration of and correction 
for the magnetic signature of the torquing coils flown as part of the attitude control system will be 
required if the m .rail performance objectives are to be met. Other sources of interference are 
expected to be significant as well, and some may also require correction, such as the XRS 
signature gene r ated as the solar array relates with respect to the magnetometer. For GOES-N, 
which will have undoubtedly more sources of magnetic interference, attempts should be made to 
reduce the signature of as many sources as possible, either by a more st rin gent magnetic control 
plan or by returning to the coocept of a longer boom. 

The Option II and Option III spacecraft attitude control system proposed for GOES-N eliminates 
the solar sail in order to improve the performance of the earth viewing instruments’ passive 
ndiation coolers. Depending on magnetic torquing 'o compensate for the deleted solar sail 
resulted in required magnetometer booms as long as nine meters, and even then objectionable 
magnetic signatures would have been difficult to deal with. Partly for this reason, the Option II 
and III spacecraft abandon magnetic torquing in favor of reaction wheel unloading by thruster 
activity. The spacecraft model includes a six toe ter magnetometer bcom. At six meters, and with 
no magnetic torquing, the magnetometer data on GOES-N should be free of spacecraft field 
contamination for the first time in any GOES spacecraft. In order to avoid problems with 
multiple boom segment deployment and stability, Astromast style booms are recommended. 

When long deployable booms are used one must also be concerned with the stability of the frame 
of reference for the magnetometer and with the dynamics of the flexible spacecraft structure. 

These aspects have not been treated within the scope of this survey, and should be addressed as 
early as possible in future activity. 

11 1. 3.2.2 X-Ray Scasor (XRS) 

The requirements for the total disk XRS arc also unchanged from GOES 1-M. and the lastntment 
used there is also expected to meet those requirements However the adaptation of the ion 
chamber detector, which has been used since the inception of the SMS/GOHS program, to the 



three axis stabilized GOES I-M has nut been flight proven. This adaptation requires a different 
approve to the removal of the contamination of the measurement by the background ambient 
energetic particle population. Performance of the XRS for GOES-N must be revisited after 
demonstration of in-flight performance for GOES-I. 

The XRS will also be impacted by the additional solar viewing instruments on GOES-N. The 
concept developed for the Option ( and Option II sp a cecraft depends on botesighting the XRS and 
the SX1. Provision can be made for offset pointing to correct bias between the instruments and 
the high-accuracy sun sensor used for control of the solar pointing platform, and 10 enable offset 
pointing of the SXI for coronal imaging. However, with this coocepf. the small FOV of the XRS 
will result in compromising its r* i during periods of offset pointing. For the Option III 
spacecraft, the problem is compounded. The SVM concept utilizes a very limited range 
(< larcmin) compensation for jitter and minor offset by either an articulated sccoodary mirror (for 
a Cassegrain telescope design) or a separate image motion compensation minor (for the case of a 
refractive telescope design). All instruments most still be boresigbted to high accuracy in ground 
test This concept results in compromising the Solar Magnetograph operation as well as the XRS 
daring periods of SXI offset pointing. 

Fortunately, there is no requirement for long term continuous monitoring of the solar corona. The 
Option n and Option III attitude control system concept, with its on-board sensing and correction 
of spacecraft motion, should allow stepping the solar pointing platform by the required 16 or 
32arcmin to allow the image of the solar corona to be generated, followed by an immediate return 
to the solar disc monitoring mode. The impact to the XRS and the SVM should be negligible. 
However, the dynamic response of a flexible spacecraft model to this stimulus has not been 
modeled, nor has the stability of the system, even in the absence of such stimuli. Such a stability 
analysis should be conducted before Phase-B begins. 

11.1.3.2.3 Solar X-Ray Imager (SXI) 

The SXI is a transitional instrument in that it will be incorporated in toe GOES I-M program late 
in the series. As of this date, i* is the only approved GOES I-M payload item which remains to 
be developed (The LMS is a likely additional payload item in this category). In summary, the 
SXI development is quite advanced relative to the other enhancements to the SEM because it has 
long been the highest priority item for enhancement of the SEM capabilities. NOAA's SEL and 
the NASA MSFC jointly carried out a feasibility study and brassboard demonstration starting in 
1979 (Cessna, et a]., 1983) for an instrument to be carried aboard a spinning spacecraft such as 
those used through (he GOES-7 spacecraft currently in operation. Proposals for incorporation of 
the instrument on the GOES-7 series (GOES G-H) were solicited from the spacecraft contractor, 
but funding limitations prevented its incorporation at that time. The SXI was the first candidate 
for growth on the current GOES I-M development program and was the subjc<a of an 
accommodation study carried out by the spacecraft contractor soon after contract award (Space 
Systcms/Loral, 1985). The study led to the incorporation of several features in the spacecraft 
design to facilitate the eventual flight of 'he SXI. The accommodation study included the 
solicitation in 1984 of proposals for the instrument development, and the proposals were amended 
ir. 1985 to reflect desired improvements in instrument performance. A Memorandum of 
Agreement exists between NOAA and the USAF under which NOAA is to fly one or more SXI 



on the GOES l-M program, with USAF funding. The GOES project at GSFC has been directed 
to implement this agreement, and plans arc currently underway to update the accommodation 
study and proceed with a contractual arrangement to incorporate the instrument late in the GOES 
l-M series. 

The technical issues which remain of concern are the choice of detectors to be used in the 
instrument, the quality of the X-ray grazing incidence minor, and the dimensional stability of the 
telescope metering structure. There are several candidates for a detector array, all of which 
involve some level of development. An X-ray imaging minor of excellent quality, albeit 
different collecting area and focal length, has been fabricated and demonstrated as part of the 
Solar X-ray Telescope (SXT) development for the Soiar-A spacecraft, giving confidence drat this 
issue is technically manageable. Techniques are available for building dimensionally stable 
metering structures, but drey may involve exotic materials and processes. In short, the SXI is a 
very realizable instrument, but these technical issues must be addressed with the best engineering 
practice if problems me to be avoided. 

11.13.2.4 Energetic Patricks Sensor (EPS) 

The EPS requirements listed in the “Guidelines" add significant new coverage to the energy 
ranges and parrick types monitored on GOES I-M. The additional information on heavy ions can 
be obtained by mod fication of the existing GOES-1 EPS package, and coverage of protons mid 
electrons down to the 30keV range (given as a core requirement) can be obtained through the 
recommended approach of adding the TIROS MEPED telescope to the EPS package, as has been 
done in spacecraft Options L. 0. and III. However, there remain some areas where the instrument 
package proposed does not folly satisfy requirements. 

Fust, coverage of alpha particles down to 30keV/n is not provided. A new time-of-flight type of 
sensor would be required to separate the alpha particles from protons. Such sensors can be built, 
but are state-of-the-art designs, and were not addressed by this study in rime to be incorporated 
in the spacecraft models. Further review of availability and performance of these instruments 
needs to be accomplished in the next phase of the GOES-N activity. The GOES-I EPS only 
provides alpha particle coverage down to O.SMeV/n. 

Secondly, discussions with SEL scientists during the study revealed a requirement for fairly 
detailed pitch angle distribution for protons and electrons below approximately lOOkeV. This 
prompted the use of a more complex instrument than might have otherwise been used for the 
LPS, to meet an "optional" requirement for monitoring electrons and protons up to 30keV. The 
LPS provides very good "quasi "-three dimensional coverage in this energy range. The MEPED. 
which is included to provide coverage above 30kcV, only has two defined directions. The rather 
broad acceptance angle of the MEPED insures the integrity of the measurement, i.c.. there arc no 
broad directional components of the population which are not sampled by the instrument, but the 
pitch angle resolution obtained is correspondingly coarse. This issue should be revisited by 
NOAA to clarify the requirements for spatial resolution in this energy regime. 



11.1 .3.2.5 Solar Vector Magnetograph/Hu Imager (SVM/Hul) 

No flight proven prototype for a SVM exists. At least three instrument groups have been active 
in flight projects and proposals for remote sensing of solar magnetic fields. They arc the group 
headed by Dr. David Rust at Johns Hopkins University APL, the group under Dr. Mona Hagyard 
at NASA MSFC, and the group beaded by Dr. Alan Title, at the LPARL All three have also 
been involved in ground based magnetographs, as have been a number of other exclusively 
ground based observers. In the course of this study, we have consulted with each of these three 
groups. Of particular interest is Dr. Hagyard" s pre Phase-A study for a magnclograpb for the 
SAMEX (Solar Activity Measurement Experiments) mission (Hagyard, 1988). This excellent 
treatise addresses most of the technical concerns aid potential problem areas associated with 
development of a spaceborne magnetograpb although the 0.5arcscc resolution required for 
SAMEX results in an instrument much too large for GOES. 

The magnetograph is by far the most technically challenging of the enhancements under 
consideration for the GOES-N SEM. Several design requirements involve technical requirements 
a the state-of-the-art for optical system design. These all need to be addressed as part of a full 
study for the magnetograpb. The scope of these issues is such that substantial involvement of one 
or more of the experienced groups will be required to realize a space-borne magnetograph for 
GOES. 

First, remote sensing of magnetic fields a the photosphere of the sun requires determination with 
very high sensitivity cf the state of polarization of the light received by the sensor . This means 
that the incidental polarization introduced by the instrument must be nearly zero, placing stringent 
requirements on optical system design, materials, aid optica] coatings. 

Secondly, achieving the required sensitivity with state of the art detectors requires processing of 
multiple images, which must, therefore, be co-registered to better than the larcsec pixel size 
desired. The accurate co-registration must be maintained over the 5 minute period or so required 
to obtain the required sensitivity. This requirement can only be met by very precise servo control 
of the platform or by correlation tracking of the sola image from frame to frame. 

All measurements must be taken within the spectral bandwidth of the magnetically sensitive 
resonance line, which requires realization of very narrow spectral bandwidth filters in the 
measurement instrument. A number of alternative approaches have been proposed, some of which 
have been flight and/or ground proven, and others more developmental. A more detailed study 
should be conducted to select the best cost/risk/pcrformance alternative. Finally, realization of the 
Hal requirements in the same package requires this narrow-band sensing performance in multiple 
spectral bands. 

Information incorporated in the spacecraft models for the SVM, as in Tabic 11.1-5, was based on 
scaling down a ground based prototype early in the study. Dr. Title has looked at the 
modifications required to his MDI instalment for the SOHO spacecraft to convert it to an SVM 
(As originally proposed. *hc instrument had a full vector magnetograph mode) A more thorough 
modeling of the optics and electronics associated with the SVM for GOES (which docs not 
require all of the optics and electronics included in MDI) must be done before committing to a 



system design with the weights allocated as in the spacecraft model. One of the major system 
concerns, as mentioned in Section 11.1.3.2.2 above, is the interaction of the augmented solar 
pointing platform with the spaccc:aft control system, each with its respective stringent stability 
requirements. This interaction is to a large extent driven by the weight carried on the solar 
platform. Note that the concerns about instrument borcsighting discussed in Section 11.1.3.2.2 are 
of even greater concern to the magnetograph. 

11.1.3.2.6 Radio Beacon Measurement of Total Electron Content (TEC) 

This measurement technique is intended to monitor the TEC along the line of sight between the 
spacecraft and one of several ground stations by measuring the differential group delay between a 
code sequence transmitted at two frequencies in the VHF/UHF radio bands. In the past, similar 
data has been retrieved from the Faraday rotation of linearly polarized signals of opportunity from 
a number of different spacecraft transmitting at these frequencies. These signals of opportunity 
have become quite sparse in recent years, aid for this reason there has been interest in providing 
dedicated beacons on a operational basis. In addition the quality of the data retrieved through the 
code modulation technique would be considerably improved over the earlier Faraday rotation 
analysis. 

The spacecraft resources requirements lister, in the tables for the radio beacon are very 
conservative since they are derived from proposals for implementation on the earlier spinning 
GOES spacecraft, where multiple spinning wJiip antennas at VHF and a triplexer modification to 
feed the UHF signal through the despin bearing assembly to a despun sleeve dipole antenna were 
required. The implementation on a three axis stabilized spacecraft is obviously much simpler. 

NOAA SEL has reported that the USAF has already implemented a capability for TEC monitoring 
through the GPS where ionospheric corrections are needed for propagation delay correction. 

Since the large number of spacecraft in the GPS program provide much better coverage than 
could ever be achieved on GOES, this development has resulted in some reduction in priority for 
the Radio Beacon on GOES-N. notwithstanding that it can be implemented on GOES at modest 
cost. If it is determined that the capability should be included in GOES-N, the RF equipment and 
spacecraft resources required should be refined and the ground system support requirements 
reviewed as part of the Phase-B effort. 

11.1.3.2.7 Solar Extreme Ultraviolet (EUV) Monitor 

Since the solar pointing platform was not sized to include a solar EUV monitor in addition to the 
SVM/Hal, this instrument does not appear in the tables defining the spacecraft options. The 
decision to accommodate the SVM/Hal was, however, arbitrary, and not based on any stated 
NOAA priority. The EUV monitor is addressed on the assumption that it might replace the 
SVM/Hal. Discussions with SEL personnel resulted in a statement of requirements that included 
spectral coverage from 100 to 1700A with a spectral resolution of 1A, defined dynamic range, 
absolute calibration to better than 5% in flight, and observing frequency of at least one spectrum 
every 30 minute. 



The driving requirement for the EUV instrument is absolute accuracy. EUV radiometers arc 
notoriously susceptible to contamination effects which have in some instances reduced signal 
throughput by orders of magnitude. Proven in-flight calibration sources have not been achieved 
at reasonable power, weight, and reliability. Since the degradation effects are normally spectrally 
selective, a truly satisfactory source must cover the spectral bandwidth of interest. Some types of 
detectors, which must often operate without protective windows in order to achieve usable 
sensitivity, have inherent stability problems. The overall experience indicates that strict 
contamination control will be required to maintain useable sensitivity, and that external calibration 
must be provided to have confidence in the measured spectral flux. It is not likely that the 5% 
level can be achieved without mi extensive development program for in-flight calibration sources. 

Two options for addressing the broad requirements are, based on discussions with Dr. Thomas 
Woods of the University of Colorado, and with Dts. Smith and Parkinson at the Smithsonian 
Center for Astrophysics. The indication is that a multiple sensor package can be- defined which 
would be compatible with the weight and volume available as a replacement for the SVM/Hal. 

An extensive development program for in-flight calibration would be necessary to approach the 
5% calibration requirement, and no fallback position to provide partial recovery of the SVM/Hal 
is apparent. 

In view of the lack of confidence in achieving the required absolute accuracy, it is recommended 
that the EUV requirement for GOES-N be addressed by a single small grazing incidence 
spectrograph covering the spectral range from perhaps 100 to 1200 A. This instrument could be 
developed to fly "piggy-back* on one of the instruments, much as the small XRS flies "piggy- 
back” on the other. A combination of stellar calibration and sounding rocket under-flights would 
be used to maintain the absolute accuracy. Dr. Woods believes that ±20% should be achievable. 
By this approach, useful data could be obtained on GOES-N whereas no direct data at all is 
otherwise available. In the meantime, a program should be undertaken to develop small, low 
power, reliable in-flight calibration sources to enable improving the absolute accuracy of EUV 
measurements to the ±5% desired. 

11.1.4 Summary 

The results of this survey indicate that given a spacecraft concept along the lines of that outlined 
in Option III model and the development of the small EUV spectrograph proposed above, all of 
the requirements of the "Guidelines” for the Space Environment Monitor on GOES-N can be 
addressed to some extent. It has not been within the scope of this survey to develop a detailed 
performance analysis. Substantial additional analysis is necessary to predict quantitative 
performance expectations for the instrument concepts in such areas as (1) the sensitivity, spectral 
resoiuti in, total spectral range and calibration accuracy of the EUV spectrometer, (2) sensitivity, 
MTF, signal processing analysis and algorithm validity analysis for remotely sensed solar 
magnetic fields (and Ha images) for the SVM/Hal; (3) atomic number and cneigy band 
discrimination capability and contamination analysis for the desired heavy’ ion analysis in the EPS; 
and (4) detailed optical performance analysis and detector performance and reliability trade off for 
the SXI. In most areas, however, the desired performance levels are comparable to or less than 
lhai achieved by or specified for the prototype instruments which have been surveyed. A notable 
exception is the absolute calibration accuracy of the solar F.l ’V monitor. 
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1 1 . 1 .5 Recommendations 


11.1.5.1 Magnetometer 

1. Continue with the development of the Option 11/Option 111 Spacecraft ACS to eliminate 
magnetic lorquing as a source of interference. 

2. Include a 6 meter Astromast style deployable boom in a Phase-A/B flexible-body stability 
analysis to verify the compatibility with pointing stability requirements for both the 
magnetometer and the earth viewing instruments. 

3. If it is shown necessary to use a boom shorter than 6 meters, stringent magnetic control 
and acceptance test requirements must be placed on all spacecraft subsystems. 

4. Boom and sensor packages must be acceptance tested separately in a xto field test facility 
(including post penn/depenc tests) to verify the magnetic stability of the sensor assembly. 

5. The spacecraft level zero field magnetic test requirement should be restored, at least for 
the qualification spacecraft test 

6. A solution should be found to the observed susceptibility of the GOES-1 instrument to 
perming in low to moderate fields. 

11.13.2 X-Ray Sensor (XRS) 

I. Confirm in-flight performance expectations on GOES-1. 

Z Develop concepts for borcsighting the XRS to other solar observing instruments. 

II. 133 Solar X-Ray Imager (SX1) 

1. Perform an SXI detector trade-off study to identify the preferred approach. 

2. Prepare specification for the SXI grazing incidence minor and obtain cost/scheduie quotes 
from potential suppliers. 

3. Perform preliminary SXI thennal/structural design and materials selection for metering 
structure and evaluate thermal effects on optical system performance. 

Perform preliminary SXI data processing electronics design and update power estimates. 
Update SXI mass estimates. 

Compete GOES-N units to industry and GFE to the spacecraft contractor. 

11.13.4 Energetic Particles Sensor (EPS) 

1. Perform EPS energy deposition analysis in the current tclcscopc/domc/HEPAD to confirm 
logic, thresholds and cnergy/atomic number separation performance for the Z*3 channels. 

2. Study a separate time-of-flight EPS sensor to monitor alpha particle flux for 30keV/n to 
800kcV/n alpha particles. 

3. Compete GOES-N alpha particle flux monitor to industry and GFE to the spacecraft 
contractor. 



11.1.5.5 Solar Vector Magnetograph (SVM) 

1. Perform full study for SVM 

• Prepare preliminary pcrfo.inance specification 

• System definition tradeoffs (light collection, polarixnctcr. image stabilizer, filters, 
detectors). 

• Optical system layout mid packaging. 

• Preliminary signal processing requirements definition. 

• Preliminary electronics design. 

• Preliminary Interface Specification. 

• Make or buy decision. 

2. Build GOES-N units in-house or compete via Phase-B/C/D to industry, and GFE to 
spacecraft contractor. 

11.1.5.6 Solar Extreme Ultraviolet (EUV) Spectrometer 

1. Petfonn full study for a small, grazing incidence spectrograph. 

• Preliminary design and performance analysis. 

• Preliminary performance specification. 

• Optical system layout 

• Preliminary data processing mid electronics design. 

• Preliminary interface specification 

2. Compete to industry and GFE to spacecraft contractor. 

3. Undertake a program to develop space qualified, low power, broadband, reliable EUV 
calibration sources. 

11.1.5.7 Solar Pointing Platform (SPP) 

1. Preliminary electromechanical and structural SPP design. 

2. Preliminary stability and pointing performance analysis for both earth and solar viewing 
instrument platforms. 

3. Preliminary interface specification. 
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TABLE ll.I.l-IA 

GOES-N CANDIDATE INSTRUMENTS - SEM 


INSTRUMENT 

V'* ^ ; S 'VJ*‘ 

. CADENCE 

DYNAMIC-; 
RANGE ; 

T/M 

BPS 

■B3SSS3H 

ENERGETIC 
PARTICLE SENSOR 

30 see in 

S 30kcV 10 4 Me V 

TBD 

20 

Crude diiectiofiality 
required above 1 MeV 

MAGNETOMETER 

0.5 SEC 

-400 TO 
<400 nT 

100 

Specifications assume 
spacecraft field is 
accounted for 

FULL-DISK X-RAY 

S 3 see 

GOES I-M 

10 

Fewer range changes 
than in present 
instrument are desirable 

SOLAR X-RAY 
IMAGER 

60 sec 

GOES I-M 

2x10 s 

(5x10*) 

Most have EUV filter 
to acquire routine EUV 
images 

LOCAL PLASMA 

£ 3 see @ channel 


50 

Crude directionality | 

EUV 

SPECTROMETER 

0.5 TO 1.0 hr. 

TBD 

10 

Must be well calibrated 
for several lines in 1- 
2000 range 

SOLAR 

MAGNETOGRAPH 

10 minute 

-.03 to 03 T 

2x10*. 

Multiple wavelength 1 

(heights) desirable. 
Accuracy set by 
technological limits 

H« IMAGER 

£ 60 see 

TBD 

lxlO 6 

Line -center and 
continuum 

RADIO BEACON 

N/A 

1 

1 

N/A 

j 

1 

Continuously broadcast 
two frequencies in 100- 
400 MHz range; total | 

power 1 W | 


2'/ 3 
















































TABLE 11.1.1-1B 

GOES-N CANDIDATE INSTRUMENTS - SEM 


INSTRUMENT 

MEASURES 

H 

RESOLUTION ) 

SPECTRAL 

SPATIAL | 

ENERGETIC 
PARTICLE SENSOR 

30kcV to 700 McV/e p 
and Alpha £ 30keV to 
4McV > 3 particle 
flucnce 


3 channels/ 
decade 

" 

MAGNETOMETER 

Ambient vector field 

— 


— | 

FULL-DISK X-RAY 

0.5-4 and 1-8 A solar 
brightness 

WD* 

0 5-4A band 

WD H 

SOLAR X-RAY 
IMAGER 

X-ray images 

*L5R,T 

TBD 

5x5 arcsecj § 

LOCAL PLASMA 

Charged particle flux 

— 

- 15 channels 

TBD 

EUV 

SPECTROMETER 

Average EUV 
brightness 

WD 

TBD 

WD 

SOLAR 

MAGNETOGRAPH 

Solar vector magnetic 
field 

WD* 

TBD 

2x2 arcsec 

| H« IMAGER 

Hoc images 

WD* 

0.5A 

lxl arcsec 

| RADIO BEACON 

N/A 

N/A 

N/A 

N/A | 


WD = WHOLE DISK 

• * FOV MIGHT BE SMALLER THAN WHOLE DISK 
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TABLE 11.1.1-2 

GOES-N SEM REQUIREMENTS SUMMARY 
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’ CONTRACTUAL ARRANGEMENT WITH LAS IS IN PROGRESS 


TABLE 11.1.3-1 

SPACE ENVIRONMENT MONITOR COMPLEMENT - BASELINE 


INSTRUMENT 

MASS 

(KG) 

POWER 

(WATTS) 

TELEMETRY 

(KBPS) 

MAGNETOMETER 

5.9 

3.7 

0.096 

ENERGETIC PARTICLES SENSOR 

9.6 

10.8 

0.032 

| SOLAR X-RAY SENSOR 

5.1 

2.4 

0.040 | 

| SOLAR X-RAY IMAGER 

12.6 

10.0 

100.0* 

| TOTALS 

33.2 

26.9 

100.2 


PRIME TELEMETRY FOR THE SOLAR X-RAY IMAGER IS VIA THE MULTI-USE 
DATA LINK. HOUSEKEEPING AT LOW DATA RATE WILL BE VIA PCM 
TELEMETRY 


TABLE 11.1.3-2 

SPACE ENVIRONMENT MONITOR COMPLEMENT - OPTIONS I AND H 


| INSTRUMENT 

MASS 
: (KG) 



POWER 

(WATTS) 

TELEMETRY 

(KBPS) 

MAGNETOMETER 

5.9 

3.7 

0.096 

ENERGETIC PARTICLES SENSOR 

15.2 

10.8 

0.032 

SOLAR X-RAY SENSOR 

5.1 

2.4 

P . ) 

SOLAR X-RAY IMAGER 

12.6 

10.0 

iOC.O* 

LOCAL PLASMA SENSOR 

6.4 

3.5 

32.0* 

TOTALS 

45.2 

36.4 

132.2 


PRIME TELEMETRY FOR THE SOLAR X-RAY IMAGER AND LOCAL PLASMA 
SENSOR IS VIA THE MULTI-USE DATA LINK. HO' SEKEEPING AT LOW DATA 
RATE WILL BE VIA PCM TELEMETRY 
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TABLE 1 1. 1-3-3 

SPACE ENVIRONMENT MONITOR COMPLEMENT - OPTION III 


INSTRUMENT 

MASS 

(KG) 

POWER 

(WATTS) 

TELEMETRY 

(KBPS) 

MAGNETOMETER 

5.9 

3.7 

0.096 

ENERGETIC PARTICLES SENSOR 

152 

16.8 

0.032 

SOLAR X-RAY SENSOR 

5.1 

2.4 

0.040 

SOLAR X-RAY IMAGER 

12.6 

10.0 

100.0* 

LOCAL PLASMA SENSOR 

6.4 

3.5 

32.0* 

SOLAR MAGNETOGRAPH/Ha 

22.0 

50.0 

150.0* 

RADIO BEACON 

32 

60.0 

2000.0** 

TOTALS 

70.4 

146.4 

2282.1 


• PRIME TELEMETRY FOR THE SOLAR MAGNETOGRAPH, SOLVR X-RAY 

IMAGER, AND LOCAL PLASMA SENSOR IS VIA THE MULTI-USE DATA LINK. 
HOUSEKEEPING AT LOW DATA RATE WILL BE VIA PCM TELEMETRY 

•• TELEMETRY FOR THE RADIO BEACON IS VIA DEDICATED VHF/UHF LINKS. 
HOUSEKEEPING AT LOW DATA RATE IS VIA PCM TELEMETRY 
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11.2 Search and Rescue Survey 
11.2.1 Survey Requirements 

The S&R system survey requirements were twofold. One was to determine the feasibility of earth 
locating 406MHz distress beacon signals from geosynchronous orbit to an accuracy of 20k or, 
alternatively, determine what position location accu r acies arc feasible. The sccood requirement 
was to define requirements for implementing an operational 406MHz S&R ground system, 
including interfaces with the USMCC 

11.2-2 Technical Approach 

The protect studied the results of experiments conducted with the 406MHz system installed on the 
GOES-7 spacecraft and NASA work being dooe on position location from geosynchronous orbit. 
In addition, the survey team contacted SSAl, Inc. personnel responsible for maintaining the 
USMCC database to determine the state of planning for incorporation of the 406MHz receive 
system into tbe operational S&R system. The project also performed its own independent analysts 
of achicvat?’'* position location accuracies and proposed an alternative design. 


112 3 Survey Results 

Survey findings were that Canada already uses GOES-7 406MHz distress beacon data 
operationally sad that plans exist for incorporating the 406MHz system into the operational S&R 
system in the GOES-I timeframe. Consequently, the project decided that there was no need to 
continue the ground system requirements definition effort. The remaining survey effort was 
devoted to analysis of position location. The following paragraphs describe the status of tbe S&R 
system and the analysis efforts accomplished during the survey. 

11.2.3.1 Search and Rescue System Background 

The 406MHz S&R system design uses a digital format in which a user identification is embedded. 
An extended format has also been proposed that would permit the addition of coordinate 
information derived from a navigation system on board the vehicle carrying the distress beacon 
transponder. An actively transmitting distress beacon repeats its message every SO seconds, 
transmitting at 2400bps. 

The initial experiments at NASA (as well as Canada and France) using the GOES-7 spacecraft 
were successful in proving the technical feasibility of the geosynchronous S&R system. These 
experiments centered on detecting distress beacon signals and included demodulation of received 
signals. A second scries of experiments, hampered by the loss of the GOES test facility at GSFC. 
is to include decoding of information carried by the beacon signals. 

Currently, the S&R system relics on low earth orbiting satellites for the relay of distress beacon 
signals and to provide position information based on frequency shift due to the movement of the 
spacecraft relative to the distress Iv.icon (Doppler frequency shift). The system limitation is that a 
distress beacon could lie active for several hours before a COSPAS/SARSAT flvhv. A 



geosynchronous spacecraft, on the other band, would detect , transmitting distress beacon 
within its footprint in a matter of minutes. User identification embedded in the transmission 
would provide some information that might help in pinpointing an area where the distress beacon 
was activated. But without a position location capability (or coordinate data derived from a 
navigation system), determining the distress beacon's position would still require a 
COSPAS/SARSAT flyby. 

Therein lies the desire to provide a location capability on geosynchronous spacecraft. However, 
the zero elevation angle for geosynchronous spacecraft occurs at about 80 degree latitude, 
meaning that polar coverage cannot be provided. Three geosynchrooous spacecraft will provide 
worldwide equatorial coverage, but on the order of six spacecraft would be needed for adequate 
coverage at latitudes above 60 degrees. An alternative to using geosynchrooous spacecraft is to 
deploy a cons te llation of low earth orbit COSPAS/SARSAT spacecraft to provide more frequent 
coverage. Another, but less desirable, alternative is to require that vehicles cany navigation 
systems to provide coordinate data in the distress signal. 

11.23.2 Position Location System Accuracy 

An interferometer was proposed for use on geosynchrooous spacecraft. NASA Technical Report 
2907, Ge ostati o nar y Position Location Alternatives for 406 MHz Distress Beacons, dated March 
1, 1990, describes an interferometer requiring two orthogonal booms about ten meters in length, 
each with two antennas to receive distress beacon signal* An associated electronics package 
would compute the difference in phase between the signals received by the various antennas. The 
phase information would be downlinked to the SAR system receive station on the ground for 
computation of the position of the transmitting distress beacon and distribution of the position 
information to the USMCC The interferometer described in the report would provide a position 
location uncertainty of about 50km at the subsatellite point, with the uncertainty increasing with 
latitude. However, by averaging phase difference information over multiple distress beacon 
message transmissions, the position uncertainty can be reduced by the square toot of the number 
of messages over which the measurement is made. 

A follow-on NASA study, GOES-N Search & Rescue Interferometer Feasibility Study, dated 
January 14, 1991. investigated the feasibility of implementing an interferometer on the GOES-N 
spacecraft Figure 113-1. taken from this report, shows a conceptual implementation of this 
interferometer on a GOES-1 bus. Quoting from the conclusions drawn from that study, "... zero 
momentum active ACS for GOES-N can accommodate the necessary appendages for the SAR 
interferometer. There do not seem to be any major show stoppers that would prevent the SAR 
Interferometer implementation on the GOES-N with the active ACS option [Option II and III 
spacecraft! This docs not imply that it is easy to do. A conclusion that may be drawn from this 
study is that the GOES-N mission is already a very difficult and challenging one, and the 
addition of the SAR interferometers docs not add substantially to this challenge. Further study is 
needed to refine the ,/stem parameters and spacecraft impacts in terms of power, size, weight, 
and antcnna/Aslrornast stowage configuration..." 



1 1.2. 3.3 Alternative Interferometer Implementation 

At the seoood study quarterly review, it was staled that a S&R interferometer implementatioa 
would not be included in any of the GOES-N spanecraft optioes being analyzed, lhe principal 
reason for this decision revolved around the negative impacts that the long booms would have oo 
image navigation and registration performance, which were already below required performance. 
An interferometer had not been considered in any of the attitude control system studies that had 
been funded. Given that the feasibility study did not become available until 1991, there were no 
data available from which to evaluate the impacts oo the control system. 

As a result of discussions at the third quarterly review, a S&R interferometer was incorporated 
into what was to be an additional spacecraft option (Option II1A) to be studied after the 
GOES-N study was completed. As a result of that a gre em e n t, the project team con d ucte d an 
independent analysis of the position location problem and developed an alternative configuration 
that (fid not require die long Astromasf booms. Figure 11.2-2 shows a cooceptnal implementation 
of this alternative interferometer using GOES-I UHF an t ennas. 

The output of an interferometer is a phase difference mea s urem ent between the signals received 
by the interferometer antennas. For accuracy, a long baseline between antennas is desirable. 
However, if the baseline length is such that the phase difference between received signals can 
exceed 2x radians (369 degrees), measurements will be a mbig u o u s; that is, a phase difference 
measurement of 370 degrees is the same as a 10 degree phase d if ference. Therefore, a short 
baseline is also required to resolve the ambiguity. Therein lies the need for mnltiple antennas. 

For the interferometer shown in Figure 112-2, the short diagonal provides an eight-foot baseline 
for ambiguity resolution, and the longer, 12£-foot baseline provides a position uncertainty of 
67.7km at nadir, assuming that the phase me a sure m ent enor^itter is about 0.01 radians lo. The 
position uncertainty can be reduced by averaging over multiple distress beacon transmissions, as 
stated earlier. 

112.4 Spacecraft Impacts 

The principal impacts of an interferometer on the spacecraft are the increased spacecraft inertia, 
particularly if long booms are used, and dynamic inte r actions caused by thermal bending and 
flexible body dynamics of booms and antennas. In addition, there is the problem of 
accommodation of the structures oc the spacecraft and within the launch vehicle fairing. The 
weight and power estimates given for the Astromast interferometer implementation were 35kg and 
35W of prime power. 

1 1.2.5 Ground System Impacts 

The addition of an interferometer on the GOES-N spacecraft would have no impact on the GOES 
ground system. The impact to the S&R ground network wou2 primarily be the need for 
additional processing power for position computations. 
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GOE S-N with Sn rSal Interferometer De ployed 






uption ill 

New SAR Configuration 
(earth viewing side) 




i 1.2.6 Conclusions and Recommendations 


The feasibility of the 406MHz S&f system has been adequately proved. The use of 
interferometers for determining the location of distress beacons from geosynchronous orbit, on the 
other hand, has not been tested. The conceptual studies performed to date indicate that the 
technique should work, and that more study and a flight experiment are warranted. The project 
believes, however, that the GOES program, with its stringent pointing and stability requirements, 
is not the appropriate vehicle for this research. Furthermore, before proceeding with additional 
development of an interferometer, a tradeoff analysis should be performed to determine whether 
or not a constellation of small, dedicated, low earth orbiting satellites would not be a more 
economical solution. 

11 3 WEFAX 

113.1 Survey Requirements 

The study requirements were to determine the impacts on the spacecraft, the ground system, and 
WEFAX receive stations of adding three channels in the WEFAX band to the existing analog 
channel. The new channels are a second analog WEFAX channel, a digital WEFAX channel 
operating at 193kbps, and a 50kbps data channel (termed the NOAA Port). An additional 
requirement was to determine the impacts to the spacecraft of operation during eclipse periods. 

1133 Technical Approach 

The study team's initial approach to the survey was to interview NOAA WEFAX experts to 
validate the requirements and discuss the makeup of the WEFAX service during the GOES-N 
time-frame. The next step was to develop alternative spacecraft configurations to provide the 
additional channels. Link budgets from the GOES-I predicted performance were developed to 
determine spacecraft and CDA facility EIRP requirements. In him, these EIRPs were used to 
estimate weight and prime power requirements for the new channels for input tc the RAO cost 
model. Because of the lack of weight margin on the Option I baseline spacecraft platform, the 
additional channels and eclipse operation were included only in Options II and Irl. A single 
analog channel was used for Option I. 

1133 Summary of Survey Results 

NOAA personnel interviewed during this survey were C. Staton (Chiel, Data Collection and 
Direct Broadcast Branch, NOAA/NESDIS) and J. Green (WEFAX Coordinator, NOAA/NESDIS). 
One of the discussion topics was analog versus digital WEFAX. The push worldwide is to phase 
out analog WEFAX in favor of digital WEFAX, with the late 1990‘s as a target for NOAA. The 
second analog WEFAX channel therefore, appears to be a weak requirement for the GOES-N 
time-frame. NOAA should reexamine this requirement. Another topic of discussion was the 
NOAA Port channel. The use of the term NOAA p».rt for the 50kbps data channel caused 
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confusion with the planned AWIPS NOAA Port channel. In fact, the purpose of the 50kbps 
channel is to broadcast DCS platform response data from die CDA to DCS users and also to 
distribute some NOAA weather products. This channel will replace a DOMSAT service leased by 
NOAA to upgrade the dial-up service currently in use. 

During the course of the final study presentation to NOAA, a comment was made indicating that 
the requirement for operation through eclipse may be very weak. NOAA should give this 
requirement thorough consideration because of its large impact on the spacecraft power generation 
and storage system. Any reduction in eclipse operation will result in spacecraft platform weight 
and cost reduction. 

113.4 Link Calculations 

The first step in developing spacecraft configurations to satisfy the four-channel WEFAX 
requirement was to determine the EIRP required for each channel. Link performance was 
calculated for each of the channels using predicted and worst case performance specifications for 
the GOES-I WEFAX channel. Ttr GOES-I links were used because they provide an accepted 
level of service to the same ground stations to be used with the GOES-N spacecraft Table 113- 
1 shows the GOES-1 link calculations for the Wallops CDA to spacecraft uplink and the 
spacecraft to WEFAX receive station downlink. Table 113-2 shows the performance of the four 
channels given the worst case received carrier-to-noise ratio derived from Table 113-1. Using a 
transmit power of 12w (4C.7dBm) per channel, the link margins range from 4_5dB for the 50kbps 
channel to 8.7dB for the digital WEFAX channel. Operation of all four channels at the 
same power level will simplify the design of a spacecraft configuration utilizing separate 
transmitters for each channel by allowing the use of identical interchangeable transmitters. Ni v 
that spacecraft transmit power could be reduced by tightening the G/T specification of the 
WEFAX receive stations. 

1133 Alternative Spacecraft Configurations 

Two spacecraft configurations were considered for Options II and III to provide the additional 
three channels. One consisted of separate power amplifiers (PA) for each channel. The other 
alternative consisted of one transmitter for all four channels. In both cases a common S-band 
receiver is used on the spacecraft to receive the uplink signals. In its presentations c the study 
team, HAC favored the separate transmitters approach while LAS favored the single transmitter 
approach. 

113.5.1 Separate Transmitters 

Operation of all four WEFAX channels at the same transmit power permits the use of identical 
solid state power amplifier (SSPA), with two spares as backup for the four primary PA. The use 
of separate P/ is the most flexible from the standpoint of eclipse operations, because individual 
channel^ can be turned on and ofl to conserve power In addition, intermodulation products a.c 
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TABLE 1I3-I 

GOES-I WEFAX Channel Predicted and Worst Case Performance 

(Earth Edge) 



CDA to Spacecraft 

t«CDA TOAFTy; | 


PREDICTED 

Mi 

PREDICTED 

. , .. j . « 

WORST 

CASE 

TX POWER (dBm) 

51.0 

51.0 

40.7 

40.7 

TX UNE LOSS (dB) 


- 

27 

29 

IX ANTENNA GAIN (dB) 

- 

- 

172 

163 

NET EIRP (dBm) 

96.7 

96.7 

552 

543 

TX ANT. POINTING LOSS (dB)' 

03 

03 

0 

0 

FREE SPACE LOSS (dB) 

191.0 

191.0 

189.4 

189.4 

POLARIZATION LOSS (dB) 

02 

02 

02 

02 

RX PWR REF TO ISOTROPIC (dBm) 

-95.0 

-95.0 

-134.4 

353 

RX ANTENNA G^IN (dB) 

12.9 

11.0 

- 

- 

RX ANTENNA LINE LOSS (dB) 

13 

1.8 

- 

- 

RX PWR AT RECEIVER (dBm) 

-83.6 

-853 

- 

- 

ANTENNA TEMPERATURE (K) 

502 

502 

- 


RECEIVER TEMPERATURE (K) 

2753 

438.4 

- 

- 

SYSTEM TEMPERATURE (K) 

395.7 

570.0 

- 

- 

NOISE PWR AT RECEIVER 
(dBm/Hz) 

-1723 

-171.0 

“ 


RX SYSTEM G/T (dB/K) 

-14.6 

18 4 

-03 

-03 

RX C/No (dB-Kzi 

89.0 

852 

63.9 

63.0 


* All spacecraft antenna gains and G/Ts are earth coverage so no pointing losses are taken. 
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TABLE 11-3-2 

Performance of WEFAX Channels with GOES-I Channel Parameters 


UNKPERFORMANCE ... sf 
(WorstCase Parameters) ^ 

ANALOG 

ANALOG 

AM/FM 

DIGITAL 
19. 2 Kbps 

wmmm 

TURNAROUND <7N 0 (dB-Hz) 

63.0 

63.0 

63.0 

63.0 

REQ D FM THRESHOLD (dB) in 30 
KHz 

10.0 

10.0 

- 

- 

RF BANDWIDTH (dB-Hz) 

44.8 

443 

- 

- 

REQUIRED E t /N„ for P« = 10* 5 (dB) 
(includes 2 dB implementation loss) 

- 

- 

113 

113 

DATA RATE (dB-Hz) 

- 

- 

423 

47.0 

REQUIRED ON 0 (dB) 

543 

543 

543 

583 

MARGIN (dB) 

82 

82 

8.7 

43 


not a problem because signal combining is done at RF after application of the signals. Although 
passive intermodulation products are generated in the RF multiplexer, they are much smaller and 
easier to eliminate. A minimum separation between carrier frequencies is needed, however, 
because of the difficulty of building narrow bandpass channel filters at S-band. Also, PA 
switching increases in complexity with the number of PA, and mote commands and telemetry are 
needed to monitor and control all the PA. Also, the weight and volume of six separate PA will 
be greater than that of a single PA plus spare. This alternative was selected for Option II because 
the GOES-I WEFAX PA design could be used directly for each of the channels, minimizing cost 
and risk. 

113.5.2 Single Transmitter 

Another reason for selecting the separate transmitters approach for Option II was that it was 
thought that a traveling wave tube amplifier (TWTA) would be needed to obtain the required 
output power. When work started on the Option III weight and power requirements, however, it 
was learned that a 50-watt SSPA suitable for the WEFAX application is planned for use in the 
Advanced TDRSS program. The project concluded that a single transmitter and spare would 
weight less than the six separate PA and would take up less volume, as well as being less 
complex from the standpoint of PA switching, telemetry and commanding. The RF multiplexer is 
also simpler because combining filters would not be necessary for the separate WEFAX carriers. 

The single transmitter would be operated in saturated mode for maximum power efficiency, 
meaning that intermodulation products (sum and differences of the carrier frequencies) would be 
generated. The carrier frequencies would have to be selected such that no intermodulation 
products fall within the WEFAX channel bandwidth, which is a simple matter for only four 
narrow-band signals. Given its many advantages, the project selected a single transmitter 
approach for the Option III cost study. 
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11.3.5.3 Weight and Prime Power Estimates 


In determining weight for the different configurations, the project used GOES-I WEFAX 
component values derived from the GOES Mass Properties Report, except for the Option III 
SSPA, which was based on the weight of a TDRSS SOW S-band SSPA. Prime power 
calculations were determined using an efficiency of 25 percent for saturated SSPA. For a 12W 
output per channel, this translates to about 50W of the prime power per WEFAX channel, or 
about 200W total. Table 11.3-3 summarizes the weight and power requirements for each of the 
options, with the Option I weight equal to the GOES-I as-built weights. These weight estimates 
do not include the re ctivc system, which is shared with other links. 

If the requirement for the second analog channel were dropped, the Option II weight would drop 
by about 30 percent (to about 14kg), assuming only one spare SSPA is provided for the three 
c hannels . The weight of the single transmitter configuration, however, would probably not change 
significantly. Prime power requirements should drop by about 25 percent (to 150W) for both 
alternatives. 

113.6 Ground Segment Impacts 

113.6.1 Impacts to the Command and Data Acquisition (CDA) 

The addition of three WEFAX channels would require baseband equipment at the CDA for the 
transmission and reception of the new channels. Additional bandwidth would also be required 

TABLE 113-3 

WEFAX Mass and Prime Power 



OPTION I 
(GOES-I) 

OPTION n 
(Separate PAs) 

OPTION in 1 
(Single PA) | 

MASS 

(Kg) 

6 

20 

12 

POWER 

(Watts) 

50 

200 

200 


between SOCC and Wallops to accommodate the data rate of the new channels. Using LAS 
predicted GOES-I performance specifications, the 125W uplink transmit power allocation for 
the single GOES-I WEFAX channel will be sufficient for all four GOES-N channels. This is 
because the receive S-band antenna on the GOES-I spacecraft has a G/T about lOdB better than 
the specification value of -25dB/K. Note that the uplink receive carricr-to-noisc ratio (Rx C/N) 
in Table 11.3-1 is more than 22dB higher than the downlink Rx C/N. This is considerably more 
than needed. Reduction of the CDA uplink to 30W per WEFAX channel will reduce 
intcrmodulation products among the WEFAX channels in the CDA transmitter. 
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11.3.6.2 Impacts to WEFAX Receive Stations 


WEFAX receive stations will only need to be upgraded if they arc to receive the new channels. 
The upgrades will consist of baseband signal processing equipment to demodulate the new signals 
and a power divider to provide an output signal for each baseband channel train. Given 
improvements in low noise amplifier (LNA) and the reduced cost of these devices, it would be 
beneficial to tighten receive station G/T specifications for the new channels. Improvements in 
receive station performance could be translated into reduced spacecraft transmit power 
requirements, which in tu.n implies less weight for power generation and battery capacity and 
lower thermal loading on the spacecraft. Since the 50kbps channels margin is lower than that of 
the other channels, it is important that users of this channel pay dose attention to achieving the 
nominal G/T or better. 

113.7 Condusions and Recommendations 

A major binding of the survey was that the second analog WEFAX channel may not be needed. 
NOAA should reexamine this requirement. The requirement for operation through edipse should 
also be reconsidered; comments made by NOAA at the final study presentation indicated that 
edipse operation may not be a strong requirement The removal of these requirements would 
result in a reduction in the size and weight of the power generation and storage subsystems on the 
spacecraft 

As noted earlier, HAC selected a separate transmitter per channel approach and LAS a single 
transmitter approach. Both approaches have then merits, although it appears that the single 
transmitter approach is better for four channds. If the second analog channel is dropped, the 
difference between the two alternatives would be less. The project recommendation is that it 
should be left to the spacecraft manufacturer to dedde which approach to implement Also 
recommended is tightening the S-band receive antenna G/T specification from the GOES-I value 
of -25dB/K to the GOES-I predicted value of about -15dB/K. This value appears to be easily 
met with today's current technology. 

11.4 Data Collection System 

11.4.1 Survey Requirements 

The study requirements were to define options for locating interferes in the DCS response 
channel bandwidth, and to study options for increasing system channel capacity and 
accommodating higher data rate DCS platforms (DCPs). 

11.4.2 Technical Approach 

The study initial approach was to review DCS documentation and interview NOAA personnel. 

The purpose of the interviews was to determine the extent of interference problems within the 
DCS and to loam about planned changes to the DCS. Concepts for locating interference 
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sources ami analyzed plans for providing higher DCP data rates were examined- Based on survey 
findings, changes required to the spacecraft and the ground system and the spacecraft option in 
which these changes would be implemented were determined. 

11.4.3 Background 

The DCS consists of about 8,000 DCPs that relay data to their user organizations through the 
CDA facility at Wallops Island, Virginia. The DCPs share a 400kHz band consisting of 200 
1.5kHz channels, of which about 80 channels are active. Originally, DCPs were polled by the 
CDA L.,ing the DCP Interrogation (DCPI) channel. Later DCPs were designed to transmit their 
data messages on a preset schedule, eliminating the need to receive the DCPI signal. Currently, 
only a small number of DCPs are interrogated, and the DPCI channel is used primarily for 
distributing timing information. The DCPI signal is uplinked to the GOES spacecraft at S-band 
and downlinked to 'he DCPs at UHF. 

The DCPs uplink their messages to the spacecraft at UHF. In turn, the spacecraft downlinks these 
signals at S-band. This channel is referred to as the DCPR channel. After demodulation and 
processing at the CDA, the DCP response messages are made available to users via dial-up 
services and are also distributed via a DOMSAT for direct reception at user facilities. 

11.4.4 Summary of Survey Results 

During the survey, C Staton (NOAA/NESDIS) and C Settles at the CDA facility. Wallops Island, 
Virginia were interviewed. Impressions derived from the discussions were that interference is not 
a major problem and that when there is interference, the cause is usually a malfunctioning DCP 
transmitting either outside its normal channel or transmitting continuously rather than on its 
assigned schedule. Concepts for locating or identifying interferes were discussed, but the 
impression was that DCS users are not interested in interference prevention if the proposed 
technique involves platform modifications that represent a cost to them. 

With regard to higher DCP data rates, provisions have been made in the GOES-I data ingest 
equipment at the CDA to accept 300bps and 1200bps DCP transmissions. The users, however, 
are responsible for selecting a modulation scheme for higher rate transmissions and providing 
demodulators to NOAA to receive these higher rate channels. At present there appear to be no 
major changes envisioned for the DCS in the GOES-N time-frame, except for the allowance of 
two contiguous 1.5kHz channels for the 1200kbps users and perhaps an increase of 3dB in 
downlink EIRP. 

In the latter stages of the study, it was teamed that the performance of the DCS suffers from 
degradation due to adjacent channel interference and intermodulati m distortion. Attention should 
be given to these problems to determine what performance improvements can be incorporated into 
the GOES-N design. 
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11.4.5 Concepts for Locati.ig/ldcntifying Intcrfcrcrs 


Locating DCS interferes from geosynchronous orbit would be a difficult undertaking, requiring 
an interferometer approach similar to that which has been proposed for the S&R system. Given 
what appears to be a low priority placed on locating interferes and the large effort that would be 
required to implement a location scheme, it was decided not to pusue interference location. 

If it is true that most in'erference is caused by malfunctioning DCPs either transmitting in an 
adjacent channel due to oscillator drift or transmitting continuously, the capability to identify the 
malfunctioning DCP appeas to a feature built into the monitoring capabilities of the GOES-1 
DAPS. DCS demodulates at the CDA will append signal strength, frequency (relative to channel 
center), modulation index, and data quality mea-urements to the DCP messages sent to the DAPS. 
Besides making the DCP messages available for retrieval/transmission to uses, the DAPS wili 
also generate reports based on the measurements appended by the demodulates that should help 
to Jentify malfunctioning DCP r . 

More sophistication could be built into the DCS by using the DCPI channel as a service channel 
to command platforms off if they are malfunctioning or to switch them to a secondary channel if 
their primary channel is experiencing interference problems. Telemetry data could also be 
appended to the DCP response messages for use in monitoring DCP operation. Implementation of 
these ideas, however, would require significant modification of the DCPs to receive the DCPI 
signal, which is costly, considering the number of platforms in use. 

11.4.6 Higher Data Collection Platform (DCP) Transmission Rates 

As mentioned previously, a 300bps and 1200bps data ingest capability has been built into the 
GOES-I DAPS with DCS users responsible for providing demodulators for these new high rate 
channels. To this end, the DCS users group contracted with the Cyberlink Corporation to study 
the problem and recommend a modulation scheme. Cyberlink Corporation's repo t. An Impact 
Stud, V of Higher Transmission Rates through the. GOES. Data, Collection System, dated February 
1990, was reviewed in detail as part of this study. 

In thai report, the authors recommended an 8-PSK, trellis-coded modulation scheme for 1200bps 
transmissions through 3kHz channels. It was agreed that this modulation scheme will provide 
good performance; however, two problems with Cyberlink's analysis that could change the 
recommendation were found. One problem is that the adjacent channel interference degradation 
computed by Cyberlink appears overly pessimistic; the degradation was estimated rather than 
compiled precisely. The other problem is that the authors of that study neglected to take <nto 
account that 8-PSK requires a 3 to 4dB greater theoretical E^/N, (energy per bit to noise density 
ratio) than QPSK to achieve the same probability of error performance. However, they were 
conservative relative to the coding gain they claimed; so that the error reduces to about 1.5dB. 

The Cyberlink analysis should be reconsidered before making a final der ; ion on a modulation 
scheme, because a less complex scheme might be adequate. In particular, it is recommended that 
the effects of adjacent channel interference be mcasuied for the existing DCS to obtain a better 
estimate of the degradation for use in the analysis. 
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Another possible approach is that a separate band (perhaps about 60kHz wide, suitable for c *'cnty 
3kHz channels) be set aside for 1200bps DCPs, separating them from the 100bps dianne? sytem. 
This band could be accommodated between the WEFAX channel (at 1691MHz) and the «_T>A 
telemetry channel (at 1694MHz). 

11.4.7 Data Collection Platform Response (DCPR) Link Performance 

As was mentioned earlier, DCPR channel performance improvements would be helpful in the 
areas of intcnnodulation distortion and adjacent channel interference. Of the two, the adjacent 
channci interference is the most difficult to overcome without changes to the DCPs. Reduction of 
adjacent channel interference can be accomplished either by increasing the spacing between a^vive 
channels (i.e., using fewer of the available channels) or changing the modulation scheme used by 
the existing DCPs to a more spectrum -efficient technique. The former has the effect of ted icing 
the number of usable channels, unless the 400kHz channel bandwidth can be increased to p- wide 
mote channels, and also would require that a number of DCPs be modified to operate on <L_icreot 
channels and the addition of demodulation at the CD A. Changing the modulation scheme would 
require modification of all DCP modulators as well as the DCS demodulators at the CD A. 

The DCPR channel operates in a linear mode (backed off from saturation) to minimize 
intermodulation products among the numerous DCP response signals. To reduce intennod levels 
further, a carrier at saturation appropriately separated front the DCPR signals could be introduced 
into the channei. One of the effects of this strong signal would be to s upp ress the weaker DCPR 
signals by 6dB (Le., the strong signal robs transmitter power ttom the weak signals). More 
important in this case, however, would be the effect on the intennods. Intennods around the 
saturating carrier (but outside the bandwidth of the DCPR signals) would increase; but 
intermodulation product among the DCPR signals would drop by about 16db. hr other words, the 
ratio of the level of the weaker signal to intermodulation product level would improve by about 
lOdB. 

Or: method of implementing this concept would be to combine one of the WEFAX channels (at 
saturation) with the DCPR band. This would have the benefits of not only reducing 
intermodulation product levels in t 1, - DCPR band but would also eliminate the DCPR transmitter 
and spare. Given the difference in power level between a WEFAX channel aid the DCPR band 
(54dSm for the former and a total of 33d Bm for the latter), the effect of the DCPR channel would 
be to reduce the EIRP of the WEFAX signal by about 0.3dB. The 6dB suppression of the weaker 
OCPP. channel by the WEFAX signal can be handled by setting the input level r»f the DCPR 
channel 15dB below the WEFAX signal, resulting in a 21dB difference a the output cf the 
transmitter. Although perhaps not done «o reduce intennod levels, the DCPR transponders in the 
GOES 1,2, and 3 spacecraft shared the stretched VISSR channci. 

11.4.8 Spacecraft and Ground System Impacts 

The GOES spacecraft acts as a "bent pipe" for DCP transmissions. That is, the spacecraft 
receives response messages uplinked from the DCPs at UHF, converts these signals to S-band. 
and retransmits them to the CDA (the DCPR link). Due to the limited DCS changes foreseen, ine- 
pt incipal change fror. the GOES-I spacecraft configuration is a 3dB increase in DCPR downlink 
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EIRP. from 150mW to 300oiW, ^lovidc increased margin for the higher rate DCP channels. 
This should require very link modification to the existing GOES-1 DCPR design and should be 
incorporated in all three GOES-N options. Combining the DCPR channel with one of the 
WEFAX charnels to reduce intcrmodulation products in the DCPR bond and eliminate the need 
for the DCPR transmitter and spate is also suggested. Implementation of this sugg. fioo would 
require minor changes to the spacecraft's S-band receive system and the WEFAX transponder and 
is feasible on any of the three GOES-N options. 

The principal changes to the DCS system at the CDA would be additional DAPS ingest 
equipment if the growth of 300 and 1200bps DCFs warrants, and the installation of additional 
user-provided demodulators if new channels are activated. If the DCPR channel were combined 
with one of the WEFAX channels, the DCPR receiver at the CDA would no longer be required 
but the WEFAX receiver would have to modified to handk the DCPR chaimd. 

11.4.9 Conclusions and Recommendations 

Most of the findings of the DCS survey apply to GOES I-M lather dun to GOES-N. The only 
recommendation applying to the GOES-N DCS is an increase in the DCPR downlink: EIRP from 
150m W to 300mW. No changes to either the CDA or the DCPs arc envisioned. 

It is also recommended that adjiacent chaimd interference and mtennodulatioa distortion be 
measured for the current system to determine their effects oo channel performance and the need 
for performance improvements to be incorporated into the GOES-N design. The project also 
recommends combining the DCPR diannd with ooe of the WEFAX channels to reduce 
intennodulatioo products in the DCPR band and diminate the need for the DCPR transmitter aid 
spare. Implementation of tbs recommendation is feasible on any of the proposed GOES-N 
spacecraft options and would result in improved DCPR chaimd performance and a slight savings 
in prime power, weight, spacecraft complexity, and cost. It should be pointed out that only the 
EIRP increase was induded in the RAO cost modd inputs. 

11_5 Products, Process, and Communications 

115.1 Survey Requirements 

The purpose of this survey was to provide an overall systems view of the spacecraft 
communications system and the ground system. The survey requirements were: 


1 Survey ground system operations: 

- Staffing Levels 

- Skill Levels 

2. Determine the impacts on telemetry and command processing of the orbit and attitude 
cun ,r ol system 

3. Dctominc the impact of new instruments and improved image navigation/registration on 
instrument downlink data rales and data processing 

4 Determine the impact of new products and their timeliness on the GVAR lormat. 
processing requirements, and required user ground equipment 
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5. 


Determine the impact of new instruments on receiving and processing equipment at tire 
SOCC. Suitland, Maryland 

6. Determine the impact of new instruments and additional WEFAX channels on CDA 
transmit and receive equipment and the telemetry and command system 

7. Identify and limit the scope of the survey and recommend additional surveys and studies. 

11.5.2 Technical Approach 

The survey team interviewed NOAA/NESDIS personnel to discuss the requirements and their 
views on the current system and future plans. Next, the team obtained an instrument complement 
for each of the three GOES-N options and the data rates of these instruments. The data rates 
were used to develop alternative spacecraft and ground system configurations to satisfy the data 
downlink re q u ir ements. Lurk budgets from the GOES-1 predicted p erfor ma nce were used as the 
basis for d etermining t ransmi t power level requirements. In turn, these transmit power levels were 
used to develop weight and prime power re quir ements for input to the RAO cost model. 
Req uir ements the orbit and attitude control system were then to be factored into the t e lem e t r y 
and command system to determine any re q uire d cha nge s . Lastly, the data produced by the new 
mstrumeats and the timeliness of the data were to be ana l y zed to d ete rmin e their Impact on the 
GVAR format, ground processing r eq uirem ents, and user ground e quip me n t 

11-5.3 Summary of Survey Results 

NOAA per so nnel interviewed during the survey included: G. Davis, K. Kdley, W. Mazur, and C 
Settles. As was the case with other areas of the study, this survey suffered from the delay of the 
GOES-1 bunch, since experience with GOES-1 operations were to be the take-off point for 
deremusing i m prov em ents to o v ercome deficiencies enco un tered. Ibis was particularly the case 
for analysis of ground system operations and ground processing of new products. Coocau was 
ex pre s s ed about operation of the new GOES-1 ground system since GOES-1 rep rese n ts a radical 
change from the current series of spin-stabilized spacecraft. The GOES-I ground system is modi 
more automated, which requires a higher level of computer literacy among operations p er so nn el. 
Control of a three-axis stabilized spacecraft will also be more demanding of controllers than the 
current spacecraft The need for expert system techniques to simplify troubleshooting and the 
development of diagnostic tools to simplify orbital verification was trough* up. Another concern 
expressed was the unreliability of the terrestrial communication facilities between SOCC and the 
CDA due to anomalous propagation conditions during certain seasons of the year. The 'nclusion 
of voice channels on GOES-N or the leasing of DOMSAT channels was suggested. 

Another factor that limited the survey was that because of the parallel nature of the GOES-N 
studies, results were not available for inclusion in our study. In addition, several studies that 
would have provided inputs to the survey (e g., ground resampling of imager data were not 
funded). 

11.5.4 Spacecraft Configurations 

Instrument complements and data rates were used to develop configurations 1* * each of the three 
spacecraft options. Cost model inputs were developed sequentially, starting with Option I. which 
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consists of a GOES -I platform carrying improved GOES l-M instruments. Options II and III 
employ a more capable platform which allowed for new i ns t r u m e n ts and greater data rates. Tbc 
comm unic ation subsystem configurations used in developing inputs for the cost model again 
doscly paralleled tbc GOES I -M. After completing tbc cost model inputs, the project began 
looking for ways to simplify and improve the communication subsystem. These new alternatives 
are described as modifications to the three options. 

115.4.1 Option I 

Table 115-1 lists instrument data rales used in dev el op in g weight and prime power inputs for the 
RAO cost model for all three s pacec ra ft options. The Option I data rates are the same as for the 
GOES-M spacecraft except for the addition of the LP5 (assuming that the SXI is flown on 
GOES-M). Since the data from this sensor and the SXI are only required by the ERL in Boulder, 
Colorado, a separate earner is provided. We called this earner the MDL, the same as the 
downlink provided on the GOES -I spacecraft to tran sm it attitude data to the CDA and the 
SOCC 2 and oc GOES-M 10 transmit SXI data. The GOES-1 MDL QPSK modulator could be 
used directly since ft was designed to handle 200kbps. The SXI data would be transmitted via 
one ctuaael and the LPS via the quadrature ch ann el Contrary to the MDL impl em ent ati o n on 
GOES-L a redundant transmftier would be provided on the spacecraft. A port would also be 
provided on the S-band output multiplexer for Ac MDL o u tp ut signal, reducing transmissioQ line 
losses about Z6dB compared to the GOES-1 implem e n t a tion. In GOES-I the output of the MDL 
transmitter was combined with the output of die S-band multiplexer through a circulator resulting 
in the addi t iona l line loss. The performance of the MDL link to ERL and die CDA is shown in 
Table 115-2. Imager and sounder SDL and processed data (GVAR) relay link p erfor m ance, 
which is the same as in GOES-L is also shown in Table 115-2. UAQPSK modulation, in which 
the I and Q channels have unequal data rates is used for both the MDL and SDL so that the data 
outputs of in s trum ents can be fed directly into the modulator input ports. The only other change 
to the GOES-I communication links is a 3dB increase in the EIRP of the DCPR downlink from 
150 to 300m W. The S&R, WEFAX, ana the telemetry and command links remain the same as in 
GOES-L No ground system changes are required because of spacecraft changes. Changes may 
be desirable, however, as deficiencies are found in tbc GOES I-M ground system. 


'The terms SOCC and DUS ( the Data Utilization Station at the 
World Weather Building) are used interchangeably. 
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TABLE IL5-I 

Instrument Data Rates by Spacecraft Option 


INSTRUMENT 

DATA RATE (kbps) by OPTION | 

I 

11 J 

m 

Imager 

2600 


3200 

Sounder 

40 

8600 

8600 

Amt Imager 

N/A 

N/A 

1750 

lightning Mapper 

N/A 

64 

64 

Improved EPS 

0.032 


0.032 

Solar X-Ray Imager 

100 

100 

100 

Magnetometer 

0.096 

0.096 

0.096 

X-Ray Sensor 

0.032 


0.032 

Local Plasma Sensor 

32 

32 

32 

Solar Magnetograph 

N/A 

N/A 

150 


lli.4i Optioa I Modifications 

The combining of oa-oibic tdanctry data in the MDL downlink was examined- This would 
diminatc the on-board CDA tdanctry transmitters aod the telemetiy rccciva at ERL 5 . Removal 
of the CDA tdanctry link, which is at 1694Mhz, would penni; increasing the DCPR channd 
bandwidth if additional channels are desired (e.g., to provide a separate band for 1200 bps 
channels). The DSN tdanctry transmitters would, of course, still be available for transfa orbit 
and emergency conditions wherein operation via the omnidirectional antenna is required. To 
implement this alternative, a multiplexer would be required on the spacecraft to combine the SXJ, 
LPS, and telemetry bit streams, as wdl as a demultiplexer at Boulder, the SOC C, and the CDA. 
The GOES I-M MDL demodulator should be usable with perhaps no modification. 

The T4C system was not analyzed to any extern during the survey period. Howeva, feedback 
from the GOES -I team indicates the the T4C system has reached the full capacity point; few, if 
any, spare commands and few spare telemetry points arc available for expansion. An expanded 
command set is recommended for GOES-N. An expanded telemetry system with more available 
telemetry points, longer minor frame, and an increased telemetry rate is also recommended to 
provide greater flexibility. 


5 Recall that low rate SEM instrument data is commutated with 
telemetry data. 
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TABLE 1 1-5—2 

Option I MDL, SDL, and GVAR Link Performance 


. PARAMETER 

MDL 

SDL 

GVAR 

Modulation 

UAQPSK 

UAQPSK 

BPSK 

Transmit Power (watts) 

2.0 

2.0 

11.8 

E^N. (dB) for P.=10^ + 2-2 dB 
Implementation Loss 

13.0 

13.0 

1X7 

Channel 

1 

Q 

f 

Q 

- 

Power Split (dB) 

12 

6.0 

1 

7. 

- 

Data Rate (kbps) 

100 

32 

a 

40 

2110 

Receive ON. to BDR (dB) 

68.6 

- 

- 

Margin to BDR (dB) 

4.4 

4.6 

- 

• 

- 

Receive ON. to CDA (dB) 

77.7 

79.1 

- 

Margin to CDA (dB) 

135 

13.6 

0.9 

13.1 

- 

Receive ON. to DUS (dB) 

66 St 

- 

775 

Margin to DUS (dB) 

2.6 

2.8 

- 

- 

1.4 


Another possibility is to combine the SDL and the MDL (including the oo -orbit telemetry) onto 
one QPSK earner. The imager data could be transmitted via the I channel and the sounder plus 
MDL data via the Q channel. The obvious benefit would be the reduction in spaev 'raft 
complexity from the elimination of the MDL transmitters. Another benefit is that the SDL center 
frequency could be moved to provide a wider guard band between the data downlink and the 
1660- 1670MHz radio astronomy band. The performance of this combined SDL-MDL link using 
GOES-I worst case performance parameters is shown in the second column of Table 11.5-3- A 
7w transmitter would provide sufficient margin at the CD A, the SOCC, and Boulder. The 
negative 1 channel margins at Boulder and SOCC are unimportant because the raw imager data 
would not be processed at either location. A Q channel demultiplexer would be needed at the 
CD A, the DUS. and Boulder, and the MDL demodulators at SOCC and Boulder would have to be 
replaced by GOES-I sensor data demodulators. 

Elimination of the processed sensor data relay link, alternately called the GVAR or PDR link, 
should also be considered. The Option 1 GVAR data rate is nearly the same as the SDL data rate. 
Elimination of this link would require that the SOCC receive the raw imager and sounder data 
directly and that the DUS at the World Weather Building perform the GVAR processing. The 
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problem is that there many organizations that receive the GVAR data relay link directly would be 
affected by this change. The question, then, is whether these users could be phased over to 
AWIPS, which should be operational in the GOES-N time-frame. AWIPS will distribute 
remapped weather products derived from GOES instruments (as well as other data) that users 
would otherwise generate using GVAR data via the NOAA Port channel. GVAR data could still 
be made available to users on a non-real -time basis via magnetic tape or perhaps even real-time 
via AWIPS as a separate service provided by the satellite services contractor. Alternatively, 
GVAR users could receive the raw data aid perform the GVAR processing themselves. 


TABLE 115-? 

Performance of Option I Consolidated SDL-MDL Links 


, ■ PARAMETER . " <*.*•*/ 

Separate GVAR 

/SDL-MDL 
NoTIVAR .* 

Modulate vi 

JAQPSK 

UAQPSK 

Transmit F » n (w) 

7 

25 

EJ N. (dB) for P t =lC ^ + Z2 dB 
Implementation Lost- 

13.0 

13.0 

Channel 

I 

Q 

1 

Q 

Power Split (dB) 

1 

7 

1 

7 

Data Rate (kbps) 

ESI 

192 

ESI 

192 

Receive ON. - CDA (dB) 

86.2 

- 1 

Margin to CDA (dB) 

8.0 

133 

- 


Receive ON. - BDR (dB) 

75.6 

82.6 | 

Margin to BDR (dB) 

-1.0 

55 

45 

9.8 | 

Reoeive ON. - DUS (dB) 

753 

80.8 | 

Margin to DUS (dB) 

-23 j 2.5 

2.7 

8.0 | 


Elimination of the GVAR link would require that a nrw tanging technique be implemented 
because a ranging signal is imbedded in the GOES I-M GVAR signal. A ranging signal could 
probably be adaed in the WEFAX channel. As shown in the third column of Tabic 11.5-3, a 25 
watt transmitter on the spacecraft would provide a margin of 2.7dB on the SDL I channel to >hc 
SOCC/DUS .and 8.0dB on the 0 channel. 
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Elimination of the GVAR link would reduce the weight and power requirements of the 
communication subsystem, reduce spacecraft complexity, and reduce spectrum usage on both the 
uplink and downlink bands. In addition, the GVAR transmitters at the CDA and the GVAR 
receivers at SOCC would no longer be needed The spacecraft weight reductions from eliminating 
the GVAR. CDA telemetry, and MDL transmitters might provide sufficient margin to allow 
inclusion of the three additional WEFAX channels in Option I. 

Neither weight nor prime power estimates have been developed for these alternatives. Since the 
cost of the communication subsystem is only a small fraction of the total spacecraft weight and 
cost, any of the changes discussed would have minimal impact on the overall spacecraft weight 
and cost numbers. Their benefit would derive from reducing the complexity of the 
communication subsystem and improving spectrum efficiency. In the project's, opinion, these 
alternatives pose low technical and schedule risks. Another factor to consider is tint if there is a 
move from S-band to X-band (as was pointed out at the fourth quarterly review^ a-similar 
consolidation of the various GOES carriers might be required 

11.5-4.3 Option n 

In keeping with the GOES I-M communication system architecture, Trble 11.5-4 shows the 
instruments and data rates assigned to the Option II MDL, SDL, and GVAR links. Option II 
includes a lightning mapper, an improved imager (1 km resolution) and sounder, the additional 
three WEFAX channels, the DCS Report channel downlink with increased transmit power (3 dB), 
mid the GOES-i S&R subsystem (Le., with no position determination capability). Also allocated 
was 100kbps for the downlinking of attitude control system data, a conservative estimate that can 
be refined when control system requirements are better defined 

On the assumption that the SOCC will have an MDL demodulator and receive the MDL, the 
lightning mapper and attitude control system data were included on the MDL. This was thought 
to be more efficient than the alternative of multiplexing these data on the SDL and relaying them 
to SOCC via the GVAR link. The project also included the on-orbit telemetry data on the MDL, 
eliminating the CDA telemetry transmitters on the spacecraft Not included in the analysis, 
because the requirement was not discovered until late in the study, was the need for two-static., 
ranging to provide the orbit determination accuracy required by the proposed control system. 

Tne frequency band allocated lor these links is 20MHz between the top of the radio astronomy 
band at 1670MHz and WEFAX at 1691MHz. The sum of the MDL, SDL, and PDR data rates 
shown in Table 11-5.4 is about 16.5 Mbps, largely driven by the large sounder data rate. To 
operate in the allocated 20 MHz band, a combination of higher rate/more spectrum-efficient 
modulation techniques and imager and sounder data compression need to be considered. The 
performance of the MDL, SDL, and GVAR liaU with QPSK modulation and using GOES-I 
worst case performance parameters is given in Table 11.5-5. In all three cases, suitable solid 
state power amplifiers are available at S-band. 
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TABLE 1 1-5 — t 

Option II Instrument I ink Assignments aod Data Rates 


;■ - . v*'- v ■ 

INSTRUMENT 

' - LINK DATA RATES (kbps) j 

MDL 

SDL 

GVAR 

Telemetry + Low Rate 
SEM Instruments 

2 



Solar X-Ray Imager 

100 



Local Plasma Sensor 

32 



Lightning Mapper 

64 



Attitude Data 

100 



Imager 


3200 

2100 

Sounder 



1430 

TOTAL 

298 

11800 

4230 


TABLE 11.5-5 

Option D MDL, SDL, and GVAR Performance 


*" ■ .PARAMETER 

‘ MDL 

SDL 

i GVAR 

Modulation 

QPSir 

QPSK 

UAQPSK 

K Transmit Power (watts) 

3 

5 

40 

1 Ek/N. (dB) for P=\0T* + 2.2 dB 

13.0 


13.0 


13.0 

1 

Implementation Loss 






I 

Channel 

1 

Q 

I 

Q 

1 

Q l 

' Power Split (dB) 

3 

3 

3 

3 

1.9 

4.6 1 

Data Rate (kbps)' 

164 

164 




143 1 

0 | 

Receive ON. - BDR (dB) 

73 

.4 

! 

- 

- 

1 

1 Margin to BDR (dB) 

5.3 

5.3 

- 

- 

- 

| 

Receive C/N„ - CDA (dB) 

82.5 

84.7 

- 

1 

Margin to CDA (dB) 

16.5 

16.5 

2.1 

2.1 

- 

L-_j 

Receive C/N„ - DUS (dB) 

71.fi 


- 

«» \ 

Margin to DUS (dB) 

3.5 

35 

- 

- 

2.9 

^1 


Dala rate includes 10 percent multiplexer overhead. 
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An on-board multiplexer would be required for the MDL to combine the outputs from (he five 
data sources. Because of the sounder's high data ra'j, balanced QPSK ( or 8-PSK) modulation 
must be used because of bandwidth limitations. A multiplexer is required to combine the imager 
and sounder data streams so that the I and Q char ncl data rates can be balanced. Ten percent 
multiplexer overhead is included in the MDL and SDL data rates, and the SDL data rate includes 

I. 67 to 1 data compression and Recd-Sdomon forward error correction. The coding is added to 
improve the probability zf error from 10~* to about 10"* because errors will have a greater 
degrading effect on a compressed bit stream than on an uncompressed bit stream. Enough 
bandwidth is available that UAQPSK can be used for the GVAR link. The resulting bandwidth 
requirement is about 15MHz, exclusive of guard bauds between channels. 

II. 5.4.4 Option II Modifications 

Consolidation of the MDL and SDL was recommended for Option I. Its feasibility hinged on the 
relatively low Option I instrument data rates. However, because of the much higher data rate of 
the Option II sounder, consolidation of the SDL and MDL is not viable unless combined with 
removal of the GVAR link. UAQPSK, which permits ERL to process only the low rate Q 
channel, cannot be used if there is a GVAR link because of bandwidth limitations. Balanced 
QPSK would require about 50 watts of transmit power to ERL plus would require the receive 
system at ERL to demodulate the high data rate signal and then demultiplex the data stream to 
obtain the SEM instrument data. Although feasible, this approach does not seem worthwhile. 

Table 115-6 shows the transmit power required for direct downlink to SOCC and ERL of raw 
imager and sounder data (with compression and coding) on the I channel and MDL data on the Q 
channel. About 75W of transmit power would be required to provide margins of 2.1dB for the 1 
channel and 10.4dB for the Q channel to SOCC Two multiplexers would be required on board 
the spacecraft ( one for the I channel and one for the Q channel), two demultiplexers would be 
required at the DUS, and only one demultiplexer would be required at ERL (assuming there is no 
interest in the I channel data). 

The required transmit power for this consolidated link is about 75W versus a total of 48 watts for 
separate MDL, SDL, and GVAR links. However, only two power amplifiers (perhaps three if 
double redundancy is desired) would be required rather than six. In addition, the GVAR transmit 
equipment at the CDA would no longer be needed. 

11.5.4.5 Option III 

The added Option III instruments are the SVM and the Auxiliary Imager. The Option III imager 
and sounder generate the same data rates as their Option II counterparts. Table 11.5-7 shows the 
Option 111 instruments, their data rates, and their link assignments. A 'A km resolution imager 
with a raw data rate of 9.8 Mbps was also considered for Option III. However, it was decided to 
leave this imager for an additional option (IIIA) to be studied later. 
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TABLE 11.5-6 

Option 1! Consolidated MDL and SDL Link 


PARAMETER 


Modulation 

UAQPSK 

Transmit Power (w) 

75 

VN. (dB) for P t =10-* + 2.2 dB 

13.0 


Implementation Loss 



Channel 

I 

Q 

Power Split (dB) 

1 

7 

Data Rate (kbps)’ 

8900 

328 

Receive C/N c - BDR (dB) 

1 

Margin to BDR (dB) 

3.9 

122 | 

- Receive C/N 0 - DUS (dB) 

8^6 

| Margin to DUS (dB) 

2.1 

10.4 | 


Data rate indudes 10 percent multiplexer overbead. 


TABLE 11-5-7 

Option III Instrument Link Assignments and Data Rates 


1 n , ; 

INSTRUMENT 

' LINK DATA RATES (kbps) jj 

MDL 

SDL 

GVAR I 

Telemetry + Low Rate 
SEM Instruments 

2 



Solar X-Ray Imager 

100 


I 

Local Plasma Sensor 

32 



Lightning Mapper 


64 

64 

Attitude Data 


100 

100 

Solar Magnetograph 

150 



| Auxiliary Imager 


1750 

1500 



Imager 1 


3200 

2800 

Sounder 


8600 

1430 

_ 

TOTAL 

284 

13714 

5894 | 


321 




















































Excluding multiplexer overhead, the total data rate of these three links is about 19.8Mbps. Thus, 
compression of the imager. Auxiliary Imager, and sounder data and use of 8-PSK modulation will 
be required to operate within the allocated 20MH? band. With 1.67 to 1 data compression, Reed- 
Solomon coding, and a 10 percent multiplexer overhead, the SDL data rate reduces from 
13.7Mbps to about 11 -5 Mbps. Use of 8-PSK modulation on the SDL results in a bandwidth 
requirement of about 7.6MHz compared to 1 1.5 MHz for balanced QPSK modulation. With 
balanced QPSK modulation on the MDL and GVAR links, the total bandwidth requirement is 
about 14.5MHz, or about the same as for Option 11. The penalty for using 8-PSK is that the 
E,/N 0 required for a 10" 6 bit error rate probability is about 3.5dB higher than it is for QPSK. 

Table 11.5-8 shows the performance of the MDL, SDL, and GVAR links using worst ease 
GOES-I performance parameters. 

As for the other communication subsystems, the three additional WEFAX channels arc included in 
Option III, the S&R subsystem remains the same as in GOES-I, and the DCS is the same as in 
GOES-I with an increase in downlink EIRP of 150 milliwatts (3dB) for the DCP Report channel. 

TABLE 11.5-8 

Option m MDL, SDL, and GVAR Performance 


•' PARAMETER 

MDL 

■'#’ SDL 

GVAR I 

Modulation 

QPSK 

8-PSK 

QPSK | 

Transmit Power (w) 

2 

20 

40 1 

E^N # (dB) for P e =10^ + Z2 dB 
Implementation Loss 

13.0 

16.5 

130 1 

Channel 

I 

Q 

- 

I 

Q 1 

Power Split (dB) 

J 

3 

- 

3 

3 1 

Data Rate (kbps)* 

146 

146 

11385 

3250 

325 

0 

Receive C/N c - BDR (dB) 

69.8 

- 

- ! 

Margin to BDR (dB) 

2.2 

2.2 

- 

- 

■ ■ 

■Bn 

Receive C/N 0 - CD A (dB) 

- 

90.7 


Margin to CDA (dB) 

- 

- 

3.6 

- 


Receive C/N 0 - DUS (dB) 

- 

- 

83.8 | 

Margin to DUS (dB) 

- 

- 

- 

2.0 

2.0 


Data rate includes 10 percent multiplexer overhead. 
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11.5.4.6 Option III Modifications 


The recommended Option III communications subsystem configuration is the same as that 
discussed under Option II, (i.c., consolidate the SDL and MDL links and eliminate the GVAR 
link.) Table 11.5-9 shows the performance of the consolidated link in which the imager and 
sounder are multiplexed on the 1 channel and the SEM instruments, telemetry, and the lightning 
mapper and auxiliary imager are multiplexed on the Q channel. The required transmit power is 
about 75W, compared to about 63W for the case of separate MDL, SDL, and GVAR links. 
However, only two power amplifiers (perhaps three if double redundancy is desired) would be 
required rather than six (two per link). In addition, the GVAR transmitters at the CDA would no 
longer be needed. Two multiplexers would be required on-board the spacecraft, two 
demultiplexers at the DUS, and one demultiplexer at ERL (assuming there is no interest in the I 
channel data). 

11.5.5 Conclusions and Recommendations 

There are two basic approaches to satisfying the communication subsystem requirements for the 
GOES-N spacecraft. One is to follow the GOES I-M architecture of providing separate 
downlinks for the SEM instruments (MDL), the imager and sounder (SDL), the on-orbit 
telemetry, the GVAR uplink and downlink, and the WEFAX, the DCS, and the S&R subsystems 

TABLE 11.5-9 

Option HI Consolidated MDL and SDL Link 


| PARAMETER . ! 1 


Modulation 

UAQPSK 

Transmit Power (w) 

75 

E b /N 0 (dB) for P^IO* 6 + 2.2 dB 
(j Implementation Loss 

13.0 

Channel 

I 

Q 

Power Split (dB) 

1.1 

6.6 

Data Rate (kbps)* 

9000 

2500 

Receive C/N 0 - BDR (dB) 

«*4 1 

ll 

Margin to BDR (dB) 

u> 

bo 

u> 

CO 

Receive (7N 0 - DUS (dB) 

1 

Margin to DUS (dB) 

1 

2.0 

2.0 


Data rate includes 10 percent multiplexer overhead. 
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The other approach is to consolidate some of these links to reduce the number of transmitters 
required on board the spacecraft. Such simplification would reduce weight, spacecraft 
manufacturing and testing time, and schedule risks. 

As detailed in the survey reports, the incorporation of a position location capability is not 
recommended for either the S&R or the DCS. The three additional WEFAX channels could be 
provided via a single transmitter or separate transmitters for each channel. A single transmitter 
seems preferable from both a weight and spacecraft complexity standpoint, but the selection 
should probably be left as an option for the spacecraft manufacturer. Additional downlink EIRP 
should be provided on the DCP Report downlink to provide additional margin for 1200bps 
platforms, the recommendation is to increase the transmit power to 3G0mw. It would also appear 
advantageous to combine the DCP Report channel with a saturating WEFAX carrier in one 
transmitter, with the carriers appropriately spaced, to reduce the effect of inti modulation products 
within the DCP Report channel bandwidth as well as eliminating the DCPR transmitters on-board 
the spacecraft. This recommendation applies whether a single or separate transmitters are used for 
the four WEFAX channels. Another possibility that warrants further study is to provide a 
separate frequency band for 3kHz channels for the 1200bps DCPs. 

If possible the GVAR link should be eliminated, with raw imager and sounder data received 
directly at the SOCC. GVAR processing would then be performed at the DUS. Current GVAR 
users could either transition to remapped products distributed via AWIPS, they could receive the 
raw data and process it themselves, or arrangements could be made to distribute GVAR data via 
the AWIPS or non-real-time via magnetic tape. On-orbit telemetry cold be combined with 
SEM instrument data on the MDL, eliminating the two CDA telemetry transmitters. The imager 
and sounder data link could be combined with the MDL to produce one downlink carrier. This is 
recommended for Option I. This is also recommended for Options II and III if the GVAR link 
can be eliminated. 

11.5.6 Recommendations for Additional Studies 

As the survey progressed, it became apparent that some of the survey requirements could not be 
completed. In particular, analysis of the ground system and operations was severely hampered by 
the fact that the GOES I-M spacecraft have not been launched. One of the purposes of the 
survey was to determine deficiencies in the GOES 1-M ground system and propose solutions for 
incorporation in GOES-N. In addition, the state of knowledge of the new imager and sounder 
was such that a study of ground processing requirements for these instruments was not possible 
during this portion of the study effort. For the same reason, new telemetry and command 
subsystem requirements could not be generated. 

The ACS being proposed for Options II and III requires a two-station ranging capability to 
provide sufficient orbit determination accuracy. This requirement was not stated until the end of 
the study effort and, as a result, was not studied. A study is needea to develop alternative rangmg 
system configurations and their cost. 
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It was commented at the Fourth Quarterly Review that the GOES program may have to move 
from its present S- band allocation to X-band (7 to 10GHz). as the TIROS program appears to be 
doing. If serious consideration is being given to such a move, it is critical that the implications be 
analyzed. 



